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Systems and methods for detection of the head and arms of a
user to interact with an immersive virtual environment are
disclosed. In some embodiments, a method comprises gener-
ating a virtual representation of a non-virtual environment,
determining a position of a user relative to the display using
an overhead sensor when the user is within a predetermined
proximity to a display, determining a position of a user’s head
relative to the display using the overhead sensor, and display-
ing the virtual representation on the display in a spatial rela-
tionship with the non-virtual environment based on the posi-
tion of the user’s head relative to the display.

User's Non-
Virtual
Environment
110

Display 104



Aug. 9,2012 Sheet1 of 16 US 2012/0200600 A1

Patent Application Publication

01 Aejdsig

1A%
JUSLUIUOHAUT
JENLIA
-UON 8.188MN

¢ol 1esn

CEDP
JUSIUOD) [BNBIA

01
uoneiuasasdeay
BNLHA

0T
wauon
[enuIA




Patent Application Publication

Aug. 9,2012 Sheet2 of 16

US 2012/0200600 A1
200 1
Window Effect on Non-Trawnsparent Display
Viewpoint 210
e, Face
T, j Tracking |
et mre—Camera(s)}
212a | User
Non-transparent Display v £ jOG
1
202 AL
}4«1" ’ g“‘%f;f %
Aligned Virtual Duplicate y! e
‘.t of Environment .- . ai?“
g 208 - racking
} < — Camera(s)
\ o~ 222@5
. Multi-touch
Actual Environment = Surface
204 B S e
vé"vﬁ' %m vwwj
FIG. 2



Patent Application Publication Aug. 9,2012 Sheet3 of 16 US 2012/0200600 A1

300 1

) Window Effect on Non-Transparent Display

Face
Tracking
Camera(s Jus
312 Virtual Object 314
Aligned Tracked Viewpoint 310
Virtual..
Duplicate
Of Environment -
308 g Actual
Environment
304
User
306 |
Display > Multi-touch Surface 31
2 e N , ]

FIG. 3



Aug. 9,2012 Sheet4 of 16 US 2012/0200600 A1

Patent Application Publication

¥ 'Old

Zcv 3INpon
UoIISOd Sy

g1y
s|npo uideg

oly
SINPOW
uoleluau Aeidsig

F4%7
3|Npo
uonisod 188N

S0%
s|npopy
JUBIUOD [BNUIA

GZF aInpoi
uoNISOd PeaH

viv
aINPO
uonisod Aejdsiq

O0l¥
aseqeie(]
JUSIUOD |ENUIA

0%
BINPON JUodmaIn

¥ov
8|NPON
uonruasalday
[ENUIA

20b
SiNPoN
aoepau Aedsi(

00F 8o1na( reubiq




Patent Application Publication Aug. 9,2012 SheetSof 16 US 2012/0200600 A1

4 Start )

L 4
Take digital photographs of non-virtual environment y~_ 502

'

504
Determine placement of display N\
Determine possible user viewpoints of non-virtual 506
environment N\

Generate virtual representation of non-virtual
environment based on digital photographs and /\/508
possible user viewpoints

Generate virtual content N\

;

Place display relative to non-virtual environment ’\/512

END

FIG. 5



Patent Application Publication Aug. 9,2012 Sheet 6 of 16 US 2012/0200600 A1

Display virtual representation in a spatial 802
relationship with non-virtual environment N\

:

Display virtual content within virtual representation N\

606

Determine viewpoint of user ™\

Display virtual representation in a spatially aligned
with user’s non-virtual environment based on user's /\/608
viewpoint

;

Receive input from user to interact with display "\

}

Change virtual content based on user interaction /'\/612

FIG. 6



Patent Application Publication Aug. 9,2012 Sheet 7 0of 16 US 2012/0200600 A1

Generate virtual representation
7
of non-virtual environment N\ 02

L

Display virtual representation in spatial 7
relationship with non-virtual environment M\ 04

Determine position of user when user is within a
first proximity to display

Determine viewpoint of user when user is within a
second proximity to display

Display virtual representation on display ina ~ jy~\_,710
spatial relationship with non-virtual environment
based on user’s position and viewpoint

Display virtual content in virtual representation |~_ 712

Receive input from user to interact with display

~_-714
. . -
Determine approach rate of user toward display ~_716
Determine position or orientation of display
relative to non-virtual environment ~_ 718

Change virtual representation or virtual content
——p based on user interaction, display position, user ~_ 720
position, user viewpoint, or user rate of approach

END FIG. 7



Patent Application Publication Aug. 9,2012 Sheet 8 of 16 US 2012/0200600 A1

Detect user within a first proximity to display ~ y™\_,802

Determine position of user relative to display
using a first sensor while user is within first
proximity to display

Detect user is within a second proximity to display y\_,806

v

Determine position of user’s body and position of ~_ 808
an element of user’s body (e.g., arm, leg, head)

Y

Interpolate between position of user's body and
position of element of user’s body to determine ~_ 810
position of user relative to display

Detect that user is within a third proximity to 812
display M\

v

Determine head position of user relative to
display using first sensor and head position of y~\_ 814
user relative to display using second sensor

Y

Interpolate between head position data from first
sensor and head position data of second sensor y~_ 816
to determine viewpoint of user relative to display

Y

Upon detecting failure in second senor, use head
position data from first sensor to determine ™\ _,818
viewpoint of user relative to display




Patent Application Publication Aug. 9,2012 Sheet 9 of 16 US 2012/0200600 A1

FIG. 9A
900 -

914
-

902a : ‘
902 902b g k u"’grz:sitian

900 . ; . ¢ Tansition
! : \ Area




-
«
S .
S 0L "Old
S
<
o
2
(o]
e
<
o xh»y!&x ,,,,, MM A &%ﬂ
w | o : JUBLWIUONIAUT [enjoY
© \OTOT
g (s)erswe)
= Buptoes] -~ oot S
w e . 7 JUBWUOINAUT JO it}
2 SO'INg speoydng [enpiA paublly
A HONO}-HIn ™
o - Zrov
= \)Iw NX. F . AN
M, vooLdesn | 4 _ BunjoeslsapT
m...o ?555%_%5 uasedsuel}-uoN -
A vawhmwc\_m — : a%e:%wx V.si;ké,.«\«
Busyoel |
soe4 .,
TZTO0T Jon909Y / JonjwsuUel | BZTOT Jone0ay / Jpiuisuel L
& ~ Bunyoesy Bupoed |
Aeidsic] jusaedsurl {-UON 3IQRLIO UO 199415 MOPUIAA

0001

Patent Application Publication



US 2012/0200600 A1

Aug. 9,2012 Sheet 11 of 16

Patent Application Publication

1%

ol

(s)ervwen

s o

Bunjoel |
aoe

£ o
./J \M -
Vo

\A\ rg N
4

A
Jasn BECLLL
(s)esswie)
Bupoel |
aoe

e waiedsuri-uoN

xxxxxx
ssssssss
ttttttt

epOLL

* Aejdsiq) punoboio

Y

Ol 11 usjuoo
usamiag-u|

%

b

GOT T 1200
[enin paubily

PR e

- a70LL
Aejdsiq punosbyoeg

uaiedsuel}-UoN

fejdsiq yusiedsuel | -UON palaAeT] UO 1081 MOPUIM

00L1L




US 2012/0200600 A1

Aug. 9,2012 Sheet 12 of 16

Patent Application Publication

b "9Oid
80Z1
winlshAsg
abeio
cicl 1S
30BLIBU|
Aeidsiq
#0cL
WwolsAg
Aiowapy
0LZt
aoel8lu] O/
c02l
108S30014
WA 80c¢l
L~ 0Bl
SMIOMIBN L0
Sm/PL 02T 991naq [enbia




Patent Application Publication

1300

Aug.9,2012 Sheet 13 of 16

US 2012/0200600 A1

Sensor 1314

&

Window Effect on Non-Transparent Display
i I’ \
! \
! \
! \
Viewpoint 1310 / \
e 1 Face |}
S S " Tracking
Fe, _— ma——Camera(s)
, 13123 User
Non-transparent Display JBOG
1302 \ :3{ ;
5
.. L
. f~§
¢, Aligned Virtual Duplicate | s efM
n-q— of Environment " Fac
1308 - Tracking
‘Camera(s)
. ~ Multi-touch
Actual Environment Surface
1304 T




Patent Application Publication Aug. 9,2012 Sheet 14 0of 16 US 2012/0200600 A1

FROM AROVE VIEWPOINY TRACRING (MIDE VEW)

- Closest Poing froen Sensor

Chsptay

Arms Roegion
of Intarest

EDepth Sersor Wistbility Zone1 412

FIG. 14A |

Optional Light Diffusing Materat 1414

FROM ABOVE VIEWPOINT TRACKING [T0P VIEW

Z-Depth Sensor Visihility Zong

1402

¢ Brms Bagion of interest
| {Fiwed size fixed - IR
locationrelativetn 7+ Dynamic Caledlated
dynamic hewd : L  Hsad Position 416

- position 1410

Display

FIG. 14B



Patent Application Publication Aug. 9,2012 Sheet 15 0f 16 US 2012/0200600 A1

1500 -

1510

FIG. 15A

1518

o

e Transting
. A

T

FIG. 15B



Patent Application Publication Aug. 9,2012 Sheet 16 of 16 US 2012/0200600 A1

=

Y

Detect user within visibility zone N\ 602

¥

Detect point in image from overhead sensor that is closest in
distance to overhead sensor ’\/1604

v

Establish head region of interest by adding a measurement 1606
just larger than half of average height of human head N\

L]

Blob detect using head region of interest to dynamically z\)608
calculate and predict position of user’s head

L]

Calculate position of user’s head relative to display surface /\}510

v

Establish arms region of interest by adding a measurement

just larger than half of average arm length to position of head ,\/1512
region of interest

Blob detect using arms region of interest to calculate and 1614
predict position of user’s arms and hands N\

v

Calculate position of user's arms and hands relative to r\/1616
display surface

Y

=

FIG. 16




US 2012/0200600 A1

HEAD AND ARM DETECTION FOR VIRTUAL
IMMERSION SYSTEMS AND METHODS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims benefit of and seeks
priority to U.S. Provisional Patent Application No. 61/389,
681, filed Oct. 4, 2010, entitled “Depth-Sensing Camera from
Above” which is incorporated by reference herein. The
present application is also a continuation-in-part of U.S.
patent application Ser. No. 13/207,312, filed Aug. 20, 2011,
entitled Multi-Sensor Proximity-Based Immersion System
and Method” which is a continuation-in-part of and claims
benefit of U.S. patent application Ser. No. 12/823,089 filed
Jun. 24, 2010, entitled “Systems and Methods for Interaction
with a Virtual Environment,” which claims the benefit of the
similarly entitled U.S. Provisional Patent Application No.
61/357,930 filed Jun. 23, 2010, each of which is incorporated
by reference. The U.S. patent application Ser. No. 13/207,312
also claimed the benefit of U.S. Provisional Patent Applica-
tion No. 61/372,838 filed Aug. 11, 2010, entitled “Multi-
sensor Proximity-based Immersion System and Method,”
which is incorporated by reference.

BACKGROUND
[0002] 1. Field of the Invention
[0003] The present invention generally relates to display-

ing of a virtual environment. More particularly, the invention
relates to user interaction with a virtual environment.

[0004] 2. Description of Related Art

[0005] As the prices of displays decrease, businesses are
looking to interact with existing and potential client in new
ways. It is not uncommon for a television or computer screen
to provide consumers advertising or information in theater
lobbies, airports, hotels, shopping malls and the like. As the
price of computing power decreases, businesses are attempt-
ing to increase the realism of displayed content in order to
attract customers.

[0006] Inone example, a transparent display may be used.
Computer images or CGI may be displayed on the transparent
display as well. Unfortunately, the process of adding com-
puter images or CGI to “real world” objects often appears
unrealistic and creates problems of image quality, aesthetic
continuity, temporal synchronization, spatial registration,
focus continuity, occlusions, obstructions, collisions, reflec-
tions, shadows and refraction.

[0007] Interactions (collisions, reflections, interacting
shadows, light refraction) between the physical environment/
objects and virtual content is inherently problematic due to
the fact the virtual content and the physical environment does
not co-exist in the same space but rather they only appear to
co-exist. Much work must be done to not only capture these
physical world interactions but to render their influence onto
the virtual content. For example, an animated object depicted
on a transparent display may not be able to interact with the
environment seen through the display. If the animated object
does interact with the “real world” environment, then a part of
that “real world” environment must also be animated and
creates additional problems in synchronizing with the rest of
the “real world” environment.

[0008] Transparent mixed reality displays that overlay vir-
tual content onto the physical world suffer from the fact that
the virtual content is rendered onto a display surface that is
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not located at the same position as the physical environment
or object that is visible through the screen. As a result, the
observer must either choose to focus through the display on
the environment or focus on the virtual content on the display
surface. This switching of focus produces an uncomfortable
experience for the observer.

SUMMARY OF THE INVENTION

[0009] Systems and methods for interaction with a virtual
environment are disclosed. In some embodiments, a method
comprises generating a virtual representation of a user’s non-
virtual environment, determining a viewpoint of a user in a
non-virtual environment relative to a display, and displaying,
with the display, the virtual representation in a spatial rela-
tionship with the user’s non-virtual environment based on the
viewpoint of the user.

[0010] In various embodiments, the method may further
comprise the display relative to the user’s non-virtual envi-
ronment. The display may not be transparent. Further, gener-
ating the virtual representation of the user’s non-virtual envi-
ronment may comprise taking one or more digital
photographs of the user’s non-virtual environment and gen-
erating the virtual representation based on the one or more
digital photographs.

[0011] A camera directed at the user may be used to deter-
mine the viewpoint of the user in the non-virtual environment
relative to the display. Determining the viewpoint of the user
may comprise performing facetracking of the user to deter-
mine the viewpoint.

[0012] The method may further comprise displaying vir-
tual content within the virtual representation. The method
may also further comprise displaying an interaction between
the virtual content and the virtual representation. Further, the
user, in some embodiments, may interact with the display to
change the virtual content.

[0013] In various embodiments, the method may comprise
determining a position of user relative to the display when the
user is within a first proximity to the display, and determining
aviewpoint of the user relative to the display when the user is
within a second proximity to the display. The method may
display the virtual representation based on the user viewpoint
relative to the display and the user position relative to the
display within or between the first and second proximities.
For instance, the method may display the virtual representa-
tion of a non-virtual environment in a spatial relationship with
the non-virtual environment based on the user viewpoint and
the user position.

[0014] The determination of the user position may use a
first sensor, while the determination of the user viewpoint
may use a second sensor.

[0015] In some embodiments, the first sensor may be a
proximity or position sensor that can detect a user position
relative to the display, while the second sensor may be a
proximity or position sensor capable of detecting a user’s
head position, or a camera capable of facetracking or detect-
ing a user’s head position. The first sensor, second sensor, or
both may comprise a plurality of sensors.

[0016] In various embodiments, the multiple sensors used
to determine the user’s proximity, position and/or viewpoint
relative to the display may be used to create regions of
increasing immersion on a display based on the user’s posi-
tion, proximity or viewpoint. Additionally, with the use of two
or more sensors in concert over use of a single sensor, some
embodiments can: observe users around the display in greater
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detail (e.g., tracking body, arm, head and leg position in
addition to tracking the user’s face), receive higher quality
sensor data (e.g., interpolate between data from multiple sen-
sors), or provide sensor redundancy in the event that one or
more of the multiple sensors ceases to operate properly (e.g.,
when face tracking camera fails, a position sensor can be used
to detect a user’s head position).

[0017] Forsomeembodiments, the multiple sensors may be
use to monitor one predefined area (i.e., zone or tracking
zone) relative to the display, or used to track a number of
predefined areas (i.e., multiple zones) relative to the display.
In a variety of embodiments, the number of predefined areas
being monitored by the multiple sensors may form a single
graduated area monitored by the multiple sensors, or a blend
thereof. For example, each predefined area (i.e., each zone or
tracking zone) relative to the display may be monitored by a
single sensor or a blend of sensors. Additionally, in some
embodiments, the predefined areas may change in dimension
and position relative to the display. For example, based on a
given time or date where the display is located, the display
may increase the size of predefined areas being monitored by
the multiple sensors. For instance, for a display on a public
sidewalk, the monitored area may be reposition closer to the
display after 5 PM because there is more people traffic on the
sidewalk and people genuinely looking at the display will
tend to stand closer to the display.

[0018] An exemplary system may comprise a virtual rep-
resentation module, a viewpoint module, and a display. The
system may further comprise a user position module, a dis-
play position module, or a display orientation module. The
virtual representation module may be configured to generate
a virtual representation of a user’s non-virtual environment.
The viewpoint module may be configured to determine a
viewpoint of a user in a non-virtual environment. The display
may be configured to display the virtual representation in a
spatial relationship with a user’s non-virtual environment
based, at least in part, on the determined viewpoint. The user
position module may be used to detect a user’s position rela-
tive to the display. The display position module may be used
to detect the display’s position relative to the non-virtual
environment being represented and shown on the display. The
display orientation module may be used to detect the dis-
play’s orientation relative to the non-virtual environment.

[0019] An exemplary computer readable medium may be
configured to store executable instructions. The instructions
may be executable by a processor to perform a method. The
method may comprise generating a virtual representation of a
user’s non-virtual environment, determining a viewpoint of a
user in a non-virtual environment relative to a display, and
displaying, with the display, the virtual representation in a
spatial relationship with the user’s non-virtual environment
based on the viewpoint of the user.

[0020] Systems and methods for detection of the head and
arms of a user to interact with an immersive virtual environ-
ment are also disclosed. In some embodiments, a method
comprises generating a virtual representation of a non-virtual
environment, determining a position of a user relative to the
display using an overhead sensor when the user is within a
predetermined proximity to a display, determining a position
of a user’s head relative to the display using the overhead
sensor, and displaying the virtual representation on the dis-
play in a spatial relationship with the non-virtual environment
based on the position of the user’s head relative to the display.
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[0021] In some embodiments, determining the position of
the user’s head relative to the display using an overhead
sensor comprises detecting the user and determining a
z-depth between the overhead camera and a position closest
to the overhead sensor. The method may further comprise
adding %4 of the length of an average user’s head to the
position closest to the overhead sensor to define a head region
ofinterest. Moreover, the method may further comprise deter-
mining a position of the user head within the head region of
interest. The method may also comprise adjusting the virtual
representation to display an image over a position in the
virtual representation that correlates with a position of the
user’s head using the head region of interest.

[0022] In various embodiments, the method further com-
prises detecting the user and determining a z-depth between
the overhead camera and the user’s arms. The method may
further comprise adding a length of an average user’s arms to
the bottom of the z-depth between the overhead camera and
the user’s arms to define an arms region of interest. Moreover,
the method may further comprise determining a position of a
user’s arms and hands in the arms region of interest. The
method may also comprise adjusting the virtual representa-
tion to display an image over a position in the virtual repre-
sentation that correlates with a position of the user’s an us
using the arms region of interest.

[0023] Determining the position of the user’s head may
comprise interpolating between data from the overhead sen-
sor relating to a position of the user’s head and data from the
first sensor relating to the position of the user’s head. In some
embodiments, the overhead sensor is a camera.

[0024] An exemplary system may comprise a display, an
overhead sensor, one or more display sensors, and a proces-
sor. The display may be configured to display a virtual rep-
resentation of a non-virtual environment. The overhead sen-
sor scans an area in front of the display. The one or more
display sensors may be coupled to the display. The processor
may be configured to determine a position of a user relative to
the display using the overhead sensor when the user is within
a predetermined proximity to a display, determine a position
of a user’s head relative to the display using the overhead
sensor, and display the virtual representation on the display in
a spatial relationship with the non-virtual environment based
on the position of the user’s head relative to the display.
[0025] An exemplary computer readable medium may be
configured to store executable instructions. The instructions
may be executable by a processor to perform a method. The
method may comprise generating a virtual representation of a
non-virtual environment, determining a position of a user
relative to the display using an overhead sensor when the user
is within a predetermined proximity to a display, determining
a position of a user’s head relative to the display using the
overhead sensor, and displaying the virtual representation on
the display in a spatial relationship with the non-virtual envi-
ronment based on the position of the user’s head relative to the
display.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 is an environment for practicing various
exemplary systems and methods.

[0027] FIG. 2 depicts a window effect on a non-transparent
display in some embodiments.

[0028] FIG. 3 depicts a window effect on a non-transparent
display in some embodiments.
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[0029] FIG. 4 is a box diagram of an exemplary digital
device in some embodiments.

[0030] FIG. 5 is a flowchart of a method for preparation of
the virtual representation, virtual content, and the display in
some embodiments.

[0031] FIG. 6 is a flowchart of a method for displaying the
virtual representation and virtual content in some embodi-
ments.

[0032] FIG. 7 is a flowchart of a method for using multiple
sensors and user proximity to display the virtual representa-
tion and virtual content in some embodiments.

[0033] FIG. 8 is a flowchart of a method for using multiple
sensors and user proximity to display the virtual representa-
tion and virtual content in some embodiments.

[0034] FIGS. 9A-C are diagrams of an exemplary non-
transparent display in some embodiments.

[0035] FIG. 10 depicts a window effect on a non-transpar-
ent display in some embodiments.

[0036] FIG. 11 depicts a window effect on layered non-
transparent displays in some embodiments.

[0037] FIG. 12 is a block diagram of an exemplary digital
device in some embodiments.

[0038] FIG. 13 depicts a window effect on a non-transpar-
ent display in some embodiments.

[0039] FIGS. 14A and 14B depict a head region of interest
and an arms region of interest of a user in some embodiments.
[0040] FIGS. 15A and 15B depict an area in front of a
display comprising three sensors and three tracking zones in
some embodiments.

[0041] FIG.16is a flowchart of a method for determining a
position of a user’s head and arms in some embodiments.

DETAILED DESCRIPTION OF THE INVENTION

[0042] Exemplary systems and methods described herein
allow for user interaction with a virtual environment. In vari-
ous embodiments, a display may be placed within a user’s
non-virtual environment. The display may depict a virtual
representation of at least a part of the user’s non-virtual envi-
ronment. The virtual representation may be spatially aligned
with the user’s non-virtual environment such that the user
may perceive the virtual representation as being a part of the
user’s non-virtual environment. For example, the user may
see the display as a window through which the user may
perceive the non-virtual environment on the other side of the
display. The user may also view and/or interact with virtual
content depicted by the display that is not a part of the non-
virtual environment. As a result, the user may interact with an
immersive virtual reality that extends and/or augments the
non-virtual environment.

[0043] Inoneexemplary system, a virtual representation of
a physical space (i.e., a “real world” environment) is con-
structed. Virtual content that is not a part of the actual physical
space may also be generated. The virtual content may be
displayed in conjunction with the virtual representation. After
at least some of the virtual representation of the physical
space is generated, a physical display or monitor may be
placed within the physical space. The display may be used to
display the virtual representation in a spatial relationship with
the physical space such that the content of the display may
appear to be a part of the physical space.

[0044] FIG.1 is an environment 100 for practicing various
exemplary systems and methods. In FIG. 1, the user 102 is
within the user’s non-virtual environment 110 viewing a dis-
play 104. The user’s non-virtual environment 110, in this
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figure, is a show room floor of a Volkswagen dealership.
Behind the display 104 in the user’s non-virtual environment
110, from the user’s perspective, is a 2009 Audi® R8 auto-
mobile.

[0045] The display 104 depicts a virtual representation 106
of the user’s non-virtual environment 110 as well as addi-
tional virtual content 108a and 1085. The display 104 dis-
plays a virtual representation 106 of at least a part of what is
behind the display 104. In this figure, the display 104 displays
a virtual representation of part of the 2009 Audi R8 automo-
bile. In various embodiments, the display 104 is opaque (e.g.,
similar to a standard computer monitor) and displays a virtual
reality (i.e., a virtual representation 106) of a non-virtual
environment (i.e., the user’s non-virtual environment 110).
The display of the virtual representation 106 may be spatially
aligned with the non-virtual environment 110. As a result, all
or portions of the display 104 may appear to be transparent
from the perspective of the user 104.

[0046] The display 104 may be of any size including 50
inches or larger. Further, the display may display the virtual
representation 106 and/or the virtual content 1084 and 1085
atany frame rate including 15 frames a second or 30 frames a
second.

[0047] Virtual reality is a computer-simulated environ-
ment. The virtual representation is a virtual reality of an actual
non-virtual environment. In some embodiments, the virtual
representation may be displayed on any device configured to
display information. In some examples, the virtual represen-
tation may be displayed through a computer screen or stereo-
scopic displays. The virtual representation may also comprise
additional sensory information such as sound (e.g., through
speakers or headphones) and/or tactile information (e.g.,
force feedback) through a haptic system.

[0048] In some embodiments, all or a part of the display
104 may spatially register and track all or a portion of the
non-virtual environment 110 behind the display 104. This
information may then be used to match (e.g., in position, size,
and appearance) and spatially align the virtual representation
106 with the non-virtual environment 110.

[0049] In some embodiments, virtual content 108a-6 may
appear within the virtual representation 106. Virtual content is
computer-simulated and, unlike the virtual representation of
the non-virtual environment, may depict objects, artifacts,
images, or other content that does not exist in the area directly
behind the display within the non-virtual environment. For
example, the virtual content 108a is the words “2009 Audi
R8” which may identify the automobile that is present behind
the display 104 in the user’s non-virtual environment 110 and
that is depicted in the virtual representation 106. The words
“2009 Audi R8” do not exist behind the display 104 in the
user’s non-virtual environment 110 (e.g., the user 104 may
not peer behind the display 104 and see the words “2009 Audi
R8”). Virtual content 108a also comprises wind lines that
sweep over the virtual representation 106 of the automobile.
The wind lines may depict how air may flow over the auto-
mobile while driving. Virtual content 1085 comprises the
words “420 engine HORSEPOWER _ 01 02343-232" which
may indicate that the engine of the automobile has 420 horse-
power. The remaining numbers may identify the automobile,
identify the virtual representation 106, or indicate any other
information.

[0050] Those skilled in the art will appreciate that the vir-
tual content may be static or dynamic. For example, the
virtual content 108a statically depict the words “2009 Audi
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R8. In other words, the words may not move or change in the
virtual representation 106. The virtual content 108a may also
comprise dynamic elements such as the wind lines which may
move by appearing to sweep air over the automobile. More or
less wind lines may also be depicted at any time.

[0051] The virtual content 108a may also interact with the
virtual representation 106. For example, the wind lines may
touch the automobile in the virtual representation 106. Fur-
ther, a bird or other animal may be depicted as interacting
with the automobile (e.g., landing on the automobile or being
within the automobile). Further, virtual content 1084 may
depict changes to the automobile in the virtual representation
106 such as opening the hood of the automobile to display an
engine or opening a door to see the content of the automobile.
Since the display 104 depicts a virtual representation 106 and
is not transparent, virtual content may be used to change the
display, alter, or interact with all or part of the virtual repre-
sentation 106 in many ways.

[0052] Thoseskilled in the art will appreciate that it may be
very difficult for virtual content to interact with objects that
appear in a transparent display. For example, a display may be
transparent and show the automobile through the display. The
display may attempt to show a virtual bird landing on the
automobile. In order to realistically show the interaction
between the bird and the automobile, a portion of the auto-
mobile must be digitally rendered and altered as needed (e.g.,
in order to show the change in light on the surface of the
automobile as the bird approaches and lands, to show reflec-
tions, and to show the overlay to make the image appear as if
the bird has landed.) In some embodiments, a virtual repre-
sentation of the non-virtual environment allows for genera-
tion and interaction of any virtual content within the virtual
representation without these difficulties.

[0053] In some embodiments, all or a part of the virtual
representation 106 may be altered. For example, the back-
ground and foreground of the automobile in the virtual rep-
resentation 106 may change to depict the automobile in a
different place and/or driving. The display 104, for example,
may display the automobile at scenic places (e.g., Yellow-
stone National Park, [.ake Tahoe, on a mountain top, or on the
beach) The display 104 may also display the automobile in
any conditions and or in any light (e.g., at night, in rain, in
Snow, or on ice).

[0054] The display 104 may display the automobile driv-
ing. For example, the automobile may be depicted as driving
down a country road, oft road, or in the city. In some embodi-
ments, the spatial relationship (i.e., spatial alignment)
between the virtual representation 106 of the automobile and
the actual automobile in the non-virtual environment 110 may
be maintained even if any amount of virtual content changes.
In other embodiments, the automobile may not maintain the
spatial relationship between the virtual representation 106 of
the automobile and the actual automobile. For example, the
virtual content may depict the virtual representation 106 of
the automobile “breaking away” from the non-virtual envi-
ronment 110 and moving, shifting, or driving to or within
another location. In this example, the all or a portion of the
automobile may be depicted by the display 104. Those skilled
in the art will appreciate that the virtual content and virtual
representation 106 may interact in any number of ways.
[0055] FIG. 2 depicts a window effect on a non-transparent
display 200 in some embodiments. FIG. 2 comprises a non-
transparent display 202 between an actual environment 204
(i.e., the user’s non-virtual environment) and the user 206.
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The user 206 may view the display 202 and perceive an
aligned virtual duplicate of the actual environment 208 (i.e., a
virtual representation of the user’s non-virtual environment)
behind the display 202 opposite the user 206. The virtual
duplicate of the actual environment 208 is aligned with the
actual environment 204 such that the user 206 may perceive
the display 202 as being partially or completely transparent.
[0056] In some embodiments, the user 206 views the con-
tent of the display 202 as part of an immersive virtual reality
experience. For example, the user 206 may observe the virtual
duplicate of the environment 208 as a part of the actual
environment 204. Virtual content may be added to the virtual
duplicate of the environment 208 to add information (e.g.,
directions, text, and/or images).

[0057] The display 202 may be any display of any size and
resolution. In some embodiments, the display is equal to or
greater than 50 inches and has a high definition resolution
(e.g., 1920x1080). In some embodiments, the display 202 is
a flat panel LED backlight display.

[0058] Virtual content may also be used to change the vir-
tual duplicate of the environment 208 such that the changes
occurring in the virtual duplicate of the environment 208
appear to the user as happening in the actual environment 204.
For example, a user 206 may enter a movie theater and view
the movie theater through the display 202. The display 202
may represent a virtual duplicate of the environment 208 by
depicting a virtual representation of a concession stand
behind the display 202 (e.g., in the actual environment 204).
The display 202, upon detection or interaction with the user,
may depicta movie character or actor walking and interacting
within the virtual duplicate of the environment 208. For
example, the display 202 may display Angelina Jolie purchas-
ing popcorn even if Ms. Jolie is not actually present in the
actual environment 204. The display 202 may also display the
concession stand being destroyed by a movie character (e.g.,
Iron Man from the Iron Man movie destroying the concession
stand). Those skilled in the art will appreciate that the virtual
content may be used in many ways to impressively advertise,
provide information, and/or provide entertainment to the user
206.

[0059] In various embodiments, the display 202 may also
comprise one or more face tracking cameras 212a and 2125 to
track the user 206, the user’s face, and/or the user’s eyes to
determine a user’s viewpoint 210. In additional embodi-
ments, theuser’s viewpoint 210 may also be determined using
a proximity or position sensor configured to determine the
user’s head position; such a proximity or position sensor may
operate in place of, or in concert with, face tracking camera
212a and/or 2125. Those skilled in the art will appreciate that
the user’s viewpoint 210 may be determined in any number of
ways. Once the user’s viewpoint 210 is determined, the spa-
tial alignment of the virtual duplicate of environment 208
may be changed and/or defined based, at least in part, on the
viewpoint 210. In one example, the display 202 may display
and/or render the virtual representation from the optical view-
point of the observer (e.g., the absolute or approximate posi-
tion/orientation of the user’s eyes).

[0060] In one example, the display 202 may detect the
presence of a user (e.g., via a camera, a light sensor, a motion
sensor, a proximity sensor, or position sensor disposed on or
with the display). The display 202 may display the virtual
duplicate of environment to the user 206. Either immediately
or subsequent to determination of the viewpoint 210 of the
user 206, the display may define or adjust the alignment of the



US 2012/0200600 A1

virtual duplicate of the environment 208 to more closely
match what the user 206 would perceive of the actual envi-
ronment 204 behind the display 202. The alteration of the
spatial relationship between the virtual duplicate of the envi-
ronment 208 and the actual environment 204 may allow for
the user 206 to have an enhanced (e.g., immersive and/or
augmented) experience wherein the virtual duplicate of the
environment 208 appears to be the actual environment 204.
For example, much like a person looking out of one side of a
window (e.g., the left side of the window) and perceiving
more of the environment on the other side of the window, a
user 206 standing to one side of the display 202 may perceive
more on one side of the virtual duplicate of environment 208
and less on the other side of the virtual duplicate of the
environment 208.

[0061] In additional embodiments, display 202 may also
comprise one or more proximity or position sensors (not
shown) that monitor the user 206 and detect the user’s prox-
imity or position relative to the display 202. With this user
proximity or position information proximity or position
information may be used to align the virtual duplicate of
environment 208 with the actual environment 204. Further,
proximity or position information may be used in conjunction
with face tracking information to refine the alignment of the
virtual duplicate of environment 208 with the actual environ-
ment 204. In cases where the proximity or position sensor is
working in concert with one or more face tracking cameras
212a and/or 2125, the proximity or position sensor may (by
detecting the user’s head position) may be used to in deter-
mining the user’s viewpoint 210 when the face tracking cam-
eras are malfunctioning, or when the user 206 is out of range
of the face tracking cameras but in range of the proximity or
position sensor.

[0062] Insomeembodiments, the display 202 may continu-
ously align the virtual representation with the non-virtual
environment at predetermined intervals. For example, the
predetermined intervals may be equal to or greater than 15
frame per second. The predetermined interval may be any
amount.

[0063] The virtual content may also be interactive with the
user 206. In one example, the display 202 may comprise a
touch surface, such as a multi-touch surface, allowing the user
to interact with the display 202 and/or the virtual content. For
example, virtual content may display a menu allowing the
user to select an option or request information by touching the
screen. The user 206, in some embodiments, may also move
virtual content by touching the display and “pushing” the
virtual content from one portion of the display 202 to another.
Those skilled in the art will appreciate that the user 206 may
interact with the display 202 and/or the virtual content in any
number of ways.

[0064] The virtual representation and/or the virtual content
may be three dimensional. In some embodiments, the three
dimensional virtual representation and/or virtual content ren-
dered on the display 202 allows for the perception that the
virtual content co-exists with the actual physical environment
when in fact, all content on the display 202 may be rendered
from one or more 3D graphics engines. The 3D replica of the
surrounding physical environment can be created or acquired
through either traditional 3D computer graphic techniques or
by extrapolating 2D video into 3D space using computer
vision or stereo photography techniques. Each of these tech-
niques is not exclusive and therefore they can be used together
to replicate all or a portion of an environment. In some
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instances, multiple video inputs can be used in order to more
fully render the 3D geometry and textures.

[0065] FIG. 3 depicts a window effect on a non-transparent
display 300 in some embodiments. FIG. 3 comprises a dis-
play 302 between an actual environment 304 (i.e., the user’s
non-virtual environment) and the user 306. The user 306 may
view the display 302 and perceive an aligned virtual duplicate
of'the actual environment 308 (i.e., a virtual representation of
the user’s non-virtual environment) behind the display 302.
The virtual duplicate of the actual environment 308 is aligned
with the actual environment 304 such that the user 306 may
perceive the display 302 as being partially or completely
transparent. For example, a lamp in the actual environment
304 may be partially behind the display 304 from the user’s
perspective. A portion of the physical lamp may be viewable
by the user 306 as being to the right side of the display 302.
The obscured portion of the lamp, however, may be virtually
depicted within the virtual duplicate of the environment 308.
The virtually depicted portion of the lamp may be aligned
with the visible portion of the lamp in the actual environment
304 such that the virtual portion and the visible portion of the
lamp appear to be parts of the same physical lamp in the actual
environment 304.

[0066] The alignment between the virtual duplicate of the
environment 308 and the actual environment 304 may be
based on the viewpoint of the user 306. In some embodi-
ments, the viewpoint of the user 306 may be tracked. For
example, the display may comprise or be coupled to one or
more face tracking camera(s) 312. The camera(s) 312 may
face the user and/or a front portion of the display 302. The
camera(s) may be used to determine the viewpoint of the user
306 (i.e., used to determine the tracked viewpoint 310 of the
user 306). The camera(s) may be any cameras, including, but
not limited to, PS3 Eye or Point Grey® Firefly® models.
[0067] The camera(s) may also detect the proximity of the
user 306 to the display 302. The display may then align or
realign the virtual representation (i.e., the virtual duplicate of
environment 308) with the non-virtual environment (i.e.,
actual environment 304) based, at least in part, on a viewpoint
from a user 306 standing at that proximity. For example, a
user 302 standing a distance of ten feet or more from the
display 302 would perceive less detail of the non-virtual
environment. As a result, after detecting a user 306 at ten feet,
the display 302 may either generate or spatially align the
virtual duplicate of the environment 308 with the actual envi-
ronment 304 from the user’s perspective based, in part, on the
user’s proximity and/or viewpoint.

[0068] Although FIG. 3 identifies the camera(s) 312 as
“face tracking,” the camera(s) 312 may not track the face of
the user 306. For example, the camera(s) 312 may detect the
presence and/or general position of the user. Although not
shown, the display 302 may also include one or more prox-
imity or position sensors configured to detect the presence or
position of the user 306. The proximity or position sensors
may be in addition to, or may take the place of, the camera(s)
312.

[0069] Any information may be used to determine the
viewpoint of the user 306. In some embodiments, camera(s)
may detect the face, eyes, or general orientation of the user
306. In additional embodiments, proximity or position sen-
sors may detect the head position or the body orientation of
the user 306. Those skilled in the art will appreciate that
tracking the viewpoint of the user 306 may be an approxima-
tion of the actual viewpoint of the user.
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[0070] Insome embodiments, the display 302 may display
virtual content, such as virtual object 314, to the user 306. In
one example, the virtual object 314 is a bird in flight. The bird
may not exist in the actual environment 304 as can be seen in
FIG. 3 with the wing of the virtual object 314 extending off
the top of the display 302 but not appearing above the display
302 in the actual environment 304. In various embodiments,
the display of virtual content may depend, in part, on the
viewpoint, proximity, and/or position of the user 306. For
example, if a user 306 stands in close proximity with the
display 302, the virtual object 314 may be depicted larger, in
different light, and/or in more detail (e.g., increased detail of
the feathers of the bird) than ifthe user 306 stands at a distance
(e.g., 15 feet) from the display 302. In various embodiments,
the display 302 may display the degree of size, light, texture,
and/or detail of the bird based, in part, on the proximity and/or
viewpoint of the user 306. The proximity, position and/or
viewpoint of the user 306 may be detected by any type of
device including, but not limited to, camera(s), light detec-
tors, radar, laser ranging, motion sensors or the like.

[0071] FIG. 4 is a box diagram of an exemplary digital
device 400 in some embodiments. A digital device 400 is any
device with a processor and memory. In some examples, a
digital device may be a computer, laptop, digital phone, smart
phone (e.g., iPhone or M1), netbook, personal digital assis-
tants, set top box (e.g., satellite, cable, terrestrial, and IPTV),
digital recorder (e.g., Tivo DVR), game console (e.g., Xbox),
orthe like. Digital devices are further discussed with regard to
FIG. 11.

[0072] In various embodiments, the digital device 400 may
be coupled to the display 302. For example, the digital device
400 may be coupled to the display 302 with one or more wires
(e.g., video cable, Ethernet cable, USB, HDMI, displayport,
component, RCA, or Firewire) or be wirelessly coupled to the
display 302. In some embodiments, the display 302 may
comprise the digital device 400 (e.g., all or a part of the digital
device 400 may be a part of the display 302).

[0073] Thedigital device 400 may comprise a display inter-
face module 402, a virtual representation module 404, a vir-
tual content module 406, a viewpoint module 408, a virtual
content database 410, a user position module 412, a display
position module 414, a display orientation module 416, a
depth module 418, a head position module 420, and a body
position module 422. A module may comprise, individually
or in combination, software, hardware, firmware, or circuitry.
[0074] The display interface module 402 may be config-
ured to communicate and/or control the display 302. In vari-
ous embodiments, the digital device 400 may drive the dis-
play 302. For example, the display interface module 402 may
comprise drivers configured to display the virtual environ-
ment and virtual content on the display 302. In some embodi-
ments, the display interface module comprises a video board
and/or other hardware that may be used to drive and/or control
the display 302.

[0075] Insomeembodiments, the display interface module
402 also comprises interfaces for different types of input
devices. For example, the display interface module 402 may
be configured to receive signals from a mouse, keyboard,
scanner, camera, haptic feedback device, audio device, or any
other device. In various embodiments, the digital device 400
may alter or generate virtual content based on the input from
the display interface module 402 as discussed herein.

[0076] In various embodiments, the display interface mod-
ule 402 may be configured to display 3D images on the
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display 302 with or without special eyewear (e.g., tracking
through use of a marker). In one example, the virtual repre-
sentation and/or virtual content generated by the digital
device 400 may be displayed on the display as 3D images
which may be perceived by the user.

[0077] The virtual representation module 404 may generate
the virtual representation. In various embodiments, a
dynamic environment map of the non-virtual environment
may be captured using a video camera with wide-angle lens or
video camera aiming at spherical mirrored ball, this enables
lighting, reflections, refraction and screen brightness to incor-
porate changes in the actual physical environment. Further,
dynamic object position and orientation may be obtained
through tracking markers and/or sensors which may capture
the position and/or orientation of objects in the non-virtual
world, such as a dynamic display location or dynamic physi-
cal object location, so that such objects can be properly incor-
porated into the rendering of the virtual representation.
[0078] Further, programmers may use digital photographs
of the non-virtual environment to generate the virtual repre-
sentation. Applications may also receive digital photographs
from digital cameras or scanners and generate all or some of
the virtual reality. In some embodiments, one or more pro-
grammers code the virtual representation including, in some
examples, lighting, textures, and the like. In conjunctions
with or in place of programmers, applications may be used to
automate some or all of the process of generating the virtual
representation. The virtual representation module 404 may
generate and display the virtual representation on the display
via the display interface module 402.

[0079] In some embodiments, the virtual representation is
lighted using an approximation of light sources in the related
non-virtual environment. Similarly, shading and shadows
may appear in the virtual representation in a manner similar to
the shading and shadows that may appear in the related non-
virtual environment.

[0080] The virtual content module 406 may generate the
virtual content that may be displayed in conjunction with the
virtual representation. In various embodiments, programmers
and/or applications generate the virtual content. Virtual con-
tent may be generated or added that alters the virtual repre-
sentation in many ways. Virtual content may be used to
change or add shading, shadows, lighting, or any part of the
virtual representation. The virtual content module 406 may
create, display, and/or generate virtual content.

[0081] The virtual content module 406 may also receive an
indication of an interaction from the user and respond to the
interaction. In one example, the virtual content module 406
may detect an interaction with the user (e.g., via a touch-
screen, keyboard, mouse, joystick, gesture, or verbal com-
mand). The virtual content module 406 may then respond by
altering, adding, or removing virtual content. For example,
the virtual content module 406 may display a menu as well as
menu options. Upon receiving an indication of an interaction
from a user, the virtual content module 406 may perform a
function and/or alter the display.

[0082] Inoneexample, the virtual content module 406 may
be configured to detect an interaction with a user through a
gesture based system. In some embodiments, the virtual con-
tent module 406 comprises one or more cameras that observe
one or more users. Based on the user’s gestures, the virtual
content module 406 may add virtual content to the virtual
representation. For example, at a movie theater, the user may
view a virtual representation of the theater lobby in the user’s
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non-virtual environment. Upon receiving an indication from
the user, the virtual content module 406 may change the
perspective of the virtual representation such that the user
views the virtual representation as if the user was a movie
character such as Iron Man. The user may then interact with
the virtual representation and virtual content through gesture
or other input. For example, the user may blast the virtual
representation of the theater lobby with repulsors in Iron
Man’s gauntlets as if the user was Iron Man. The virtual
content may alter the virtual representation to make the vir-
tual representation of the theater lobby appear to be damaged
or destroyed. Those skilled in the art will appreciate that the
virtual content module 406 may add or remove virtual content
in any number of ways.

[0083] In various embodiments, the virtual content module
406 may depict a “real” or non-virtual object, such as an
animal, vehicle, or any object within or interacting with the
actual representation. The virtual content module 406 may
replicate light and/or shadow effects of the virtual object
passing between a light and any part of the virtual represen-
tation. In one example, the shape of the object (i.e., the
occluding object) may be calculated by the virtual content
module 406 using a real-time z-depth matte generated from
computer vision analysis of stereo cameras or input from a
time of flight laser scanning camera.

[0084] The virtual content module 406 may also add reflec-
tions. In one example, the virtual content module 406 extracts
a foreground object, such as a user in front of the display, from
avideo (e.g., taken by one or more forward facing camera(s))
using a real-time z-depth matte and incorporates this imagery
into a real-time reflection/environment map to be used within
and in conjunction with the virtual representation.

[0085] The virtual content module 406 may render the vir-
tual content with the non-virtual environment in all three
dimensions. To this end, the virtual content module 406 may
apply z-depth natural occlusions to virtual content in a man-
ner visually consistent with their physical counterparts. If a
physical object passes between another physical object and
the viewer, the physical object and its virtual counterpart may
occlude or appear to pass in front of the more distant object
and its virtual counterpart.

[0086] Insomeembodiments, the physical display may use
a 3D rendering strategy that can reproduce the optical lens
distortions of the human vision system. In one example, the
virtual representation module 404 and/or the virtual content
module 406 utilize how light is bent while traveling through
curved lens (e.g., through the pupil (aperture)) and rendered
onto the retina may be virtually simulated utilizing 3D spatial
and optical distortion algorithms.

[0087] The viewpoint module 408 may be configured to
detect and/or determine the viewpoint of a user. As discussed
herein, the viewpoint module 408 may comprise or receive
signals from one or more camera(s), light detector(s), laser
range detector(s), and/or other sensor(s). In some embodi-
ments, the viewpoint module 408 determines the viewpoint
by detecting the presence of a user in a proximity to the
display. In one example, the viewpoint may be fixed for users
within a certain range of the display. In other embodiments,
the viewpoint module 408 may determine the viewpoint
through the position of the user, the proximity of the user to
the display, facetracking, eyetracking, or any technique. The
viewpoint module 408 may then determine the likely or
approximate viewpoint of the user. Based on the viewpoint
determined by the viewpoint module 408, the virtual repre-
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sentation module 404 and/or the virtual content module 406
may alter or align the virtual representation and virtual con-
tent so that the virtual representation is spatially aligned with
the non-virtual environment from the perspective of the user.
[0088] In one example, a user in close in perpendicular
proximity to a display may increase the viewing angle into the
virtual representation and conversely, the user moving away
may decrease the viewing angle. Because of this, the compu-
tational requirements on the virtual representation module
404 and/or the virtual content module 406 may be greater for
wider viewing angles. In order to manage these additional
requirements in a manner that has less impact to the viewing
experience, the virtual representation module 404 and/or the
virtual content module 406 may employ an optimization
strategy based on the characteristics of the human vision
system. An optimization strategy, based on a conical degra-
dation of visual complexity which mimics the degradation in
the human visual periphery resulting from the circular deg-
radation of receptors on the retina, may be employed to man-
age the dynamic complexity of the rendered content within
any given scene. Content that appears closest to the viewing
axis (a normal extending perpendicular to the eyes of the
viewer) may be rendered with greatest complexity/level of
detail then, in progressive steps, the complexity/level of detail
may decrease as the distance from the viewing axis increases.
By dynamically managing this degradation of complexity, the
virtual representation module 404 and/or the virtual content
module 406 may be able to maintain a visual continuity across
both narrow and wide viewing angles.

[0089] In some embodiments, once a position of a face
tracking cameras is established, an extrapolated 3D center
point along with a video composite of camera images may be
sent to the viewpoint module 408 for real-time evaluation.
Utilizing computer vision techniques, the viewpoint module
408 may determine values for the 3D position and 3D orien-
tation of the user’s face relative to the 3D center point. These
values may be considered the raw location of the viewer’s
viewpoint/eyes and may be passed through to a graphics
engine (e.g., the virtual representation module 404 and/or the
virtual content module 406) to establish the 3D position of the
virtual viewpoint from which all or a part of the virtual rep-
resentation and/or virtual content is rendered. In some
embodiments, eyewear may be worn by the user to assist in
the face tracking and creating the view point.

[0090] Those skilled in the art will appreciate that the view-
point module 408 may continue to detect changes in the
viewpoint of the user based on changes in position, proximity,
face direction, eye direction, or the like. In response to
changes in viewpoint, the virtual representation module 404
and the virtual content module 406 may change the virtual
representation and/or virtual content.

[0091] The user position module 412 may be configured to
detect and/or determine the position or proximity of the user
to the display. The user position module 412 may comprise or
receive signals from one or more sensors, including camera
(s), light detector(s), laser range detector(s), motion sensors,
proximity sensors, position sensors, and/or other sensor(s).
According to some embodiments, the user position module
412 determines the position of the user to the display by
detecting the proximity of the user to the display. In some
embodiments, when two or more users are viewing the dis-
play, the user position module 412 can be used to determine
which user’s viewpoint the display will use to display the
virtual representation. For example, where two users (a first
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user and a second user) are viewing the display, the user
position module 412 may determine that the first user is
closest to the display and as such, the display should display
the virtual representation based on the viewpoint of the first
user rather than the viewpoint of the second user. In some
embodiments, an average, such as a mean, may be taken to
present the virtual representation based on a viewpoint
between the position of the users.

[0092] In various embodiments, the user position module
412 may detect more than a user’s general position. For
example, in some embodiments, the user position module 412
may detect a user’s head position, leg position, or arm posi-
tion. With the head position data, some embodiments may, for
example, augment the face tracking information obtained by
the viewpoint module 408 and used in determining a user’s
viewpoint. In other instances, when face tracking information
from a camera is determined to be unreliable or unavailable,
the viewpoint module 408 may use the user’s head position as
an alternative to face tracking information in determining the
user’s viewpoint. Some embodiments may use the user’s leg
position or arm position to detect the user’s particular physi-
cal actions (e.g., the user is waving), which can be used by
digital device 400 as a form of interactive input by the user.
[0093] By tracking a user’s proximity or position relative to
the display over a period of time, the user position module 412
may determine a user’s rate of approach toward the display.
Subsequently, some embodiments may use the user’s rate of
approach when displaying the virtual representation or when
displaying virtual content in the virtual representation. For
instance, the user’s rate of approach may be used by the digital
device 400 to determine and/or adjust the rate at which the
virtual representation should be refreshed or changed (e.g.,
adjustment of alignment) in order to keep pace with the user’s
rate of approach. In another example, if a user was approach-
ing the display at rate deemed to be unsafe, the display may
change the virtual content to flash a warning on the display to
avert the user from colliding with the display.

[0094] The display position module 414 may be configured
to detect the display’s position with respect to the non-virtual
environment. Similarly, the display orientation module 416
may be configured to detect the display’s orientation with
respect to the non-virtual environment. Various embodiments
may utilize the display’s position and/or orientation with
respect to the non-virtual environment when displaying the
virtual representation in a spatial relationship with the non-
virtual environment. For example, if the display is reposi-
tioned within the non-virtual environment, or the display is
reoriented such that the back of the display pointed elsewhere
in the non-virtual environment, the digital device 400 may
detect such changes and spatially realign the virtual represen-
tation with the non-virtual environment such that a user con-
tinues to perceive a virtual duplicate of the non-virtual envi-
ronment behind the display on the display.

[0095] Insome embodiments, the display position module
414 may comprise or receive signals from a GPS component,
laser range detector(s), and/or other sensor(s) to determine
the display’s position relative to the non-virtual environment.
In various embodiments, the display orientation module 416
may comprise or receive signals from accelerometer(s), gyro-
scope(s), and/or other sensor(s) to determine the display’s
orientation relative to the non-virtual environment.

[0096] In various embodiments, the virtual representation
module 404 and/or the virtual content module 406 may gen-
erate one or more images in three dimensions (e.g., spatially
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registering and coordinating the virtual representation and/or
the virtual content’s 3D position, orientation) and scale. All or
part of the virtual world, including both the virtual represen-
tation and the virtual content, may be presented in full scale
and may relate to human size.

[0097] The depth module 418 is configured to determine a
position of a user relative to the display. In various embodi-
ments, the depth module 418 includes or is in communication
with one or more overhead sensors. The one or more overhead
sensors may include, but are not be limited to, a light sensor,
a laser range detector, a motion sensor, a proximity sensor, a
position sensor, and/or another kind of sensor. The overhead
sensors may be positioned over an area in front of the digital
device 400 and/or display. Further, the overhead sensor may
sense movement or a position of an object between the over-
head sensors and the ground. The overhead sensors may
provide the information to the depth module 418 which may
determine a user’s position relative to the digital device 400
and/or display.

[0098] In some embodiments, the depth module 418 is
configured to determine one or more users’ positions relative
to the display, including the distance from the display, direc-
tion of the users’ movements, and rate of approach. As dis-
cussed herein, the depth module 418 may determine the posi-
tion of one or more users relative to predetermined zones. In
one example, the virtual representation may respond to one or
more users’ presence and position based on predetermined
zones.

[0099] Thehead position module 420 may be configured to
determine a head region of interest relative to the user and/or
a position of a user’s head. In one example, the overhead
sensor may detect a point of an object that is closest to the
overhead sensor. The overhead sensor and/or the head posi-
tion module 420 may determine that the object that is closest
to the overhead sensor is a head of a user. In some embodi-
ments, the overhead sensor and/or the head position module
420 is configured to perform image recognition, blob detec-
tion, and/or z-depth analysis to determine if the object in
question is sufficiently high from the ground, at a sufficient
distance from the overhead sensor, or appears to be similar to
a user’s head.

[0100] In some embodiments, the overhead sensor and/or
the head position module 420 may detect the tallest point of
the user’s head (e.g., the point closest to the overhead sensor)
and extend from that position down a distance towards the
floor to define a head region of interest. The distance from the
tallest point may be an average length of a person’s head or a
portion of the average length of a person’s head (e.g., one-
half). In one example, a user approaches the digital device
400. The overhead sensor may detect the user, the user’s
position relative to the display, rate of approach, and the point
if the user’s body that is closest to the overhead sensor. The
overhead sensor and/or the head position module 420 may
then extend that point closest to the overhead sensor down-
ward to define a head region of interest.

[0101] Those skilled in the art will appreciate that other
sensors may be used in conjunction with the overhead sensor.
In one example, once the head region of interest is defined,
one or more sensors coupled to the digital device 500 may
focus on an area within the head region of interest as defined
using the head position module 420, to determine a view-
point.

[0102] In some embodiments, the head position module
420, in conjunction with an overhead sensor and/or other
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sensors, perform blob detection using the head region of
interest to calculate and predict a position of the user’s head
relative to the display surface, and then calculate a position of
the user’s head.

[0103] Thebody position module 422 may be configured to
determine an arms region of interest relative to the user. In one
example, the overhead sensor may detect a point of an object
that is below the head region of interest. For example, the
overhead sensor may detect a position of an object that is
closest to the overhead camera. The head position module 420
may define a head region of interest as between the position of
the object closest to the overhead camera and a position that
is a predetermined length below the position of the object
closest to the overhead camera. The body position module
422 may define an arms region of interest as between the
bottom of the head region of interest and a position below the
bottom of the head region of interest (e.g., an average user’s
arm length or a portion of an average user’s arm length below
the bottom of the head region of interest). The body position
module 422 may also scan and identify movements of arms
and hands to make corrections for the aims region of interest.
[0104] The arms region of interest may extend in front of
the user and slightly towards the user’s back. For example, the
arms region of interest may include the position of the user’s
body and an average arm length in front of the user.

[0105] In some embodiments, the body position module
422, in conjunction with an overhead sensor and/or other
sensors, perform blog detection using the arms region of
interest to calculate and predict a position of the user’s arms
and/or hands relative to the display surface, and then calculate
a position of the user’s arms and/or hands.

[0106] Those skilled in the art will appreciate that other
sensors may be used in conjunction with the overhead sensor.
In one example, once the arms region of interest is defined,
one or more sensors coupled to the digital device 500 may
focus on an area within the arms region of interest, as defined
using the body position module 420, to determine a position
of the user’s arms and/or hands. The sensors, alone or in
combination, may detect arm and/or hand motion.

[0107] In some embodiments, using the overhead sensor,
the virtual representation may change based on the head
region of interest or the arm region of interest. In one
example, the virtual representation may show the user as Iron
Man. The helmet of the Iron Man representation may be
generated in a position that is relative to the user’s head in
front of the display. Further, the armored arms may also be
generated in a position that is relative to the user’s arms. As
the user moves his arms, the Iron Man virtual representation
may similarly move. Movements and positions of the head,
arms, legs, and/or body of the virtual representation may
approximate the movements and positions of the head, arms,
legs, and/or body of the user relative to the display.

[0108] The virtual content database 410 is any data struc-
ture that is configured to store all or part of the virtual repre-
sentation and/or virtual content. The virtual content database
410 may comprise a computer readable medium as discussed
herein. In some embodiments, the virtual content database
410 stores executable instructions (e.g., programming code)
that is configured to generate all or some of the virtual repre-
sentation and/or all or some of the virtual content. The virtual
content database 410 may be a single database or any number
of databases. The databases(s) of the virtual content database
410 may be within any number of digital devices 400. Insome
embodiments, different executable instructions stored in the
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virtual content database 410 performs different functions. For
example, some of the executable instructions may shade, add
texturing, and/or add lighting to the virtual representation
and/or virtual content.

[0109] Although a single digital device 400 is show in FIG.
4, those skilled in the art will appreciate that any number of
digital devices may be in communication with any number of
displays. In one example, three different digital devices 400
may be involved in displaying the virtual representation and/
or virtual content of a single display. The digital devices 400
may be directly coupled to the display and/or each other. In
other embodiments, the digital devices 400 may be in com-
munication with the display and/or each other through a net-
work. The network may be a wired network, a wireless net-
work, or both.

[0110] It should be noted that FIG. 4 is exemplary. Alter-
native embodiments may comprise more, less, or functionally
equivalent modules and still be within the scope of present
embodiments. For example, the functions of the virtual rep-
resentation module 404 may be combined with the function
of'the virtual content module 406. Those skilled in the art will
appreciate that there may be any number of modules within
the digital device 400.

[0111] FIG. 5 is a flowchart of a method for preparation of
the virtual representation, virtual content, and the display in
some embodiments. In step 502, information regarding the
non-virtual environment is received. In some embodiments,
the virtual representation module 404 receives the informa-
tion in the form of digital photographs, digital imagery, or any
other information. The information of the non-virtual envi-
ronment may be received from any device (e.g., image/video
capture device, sensor, or the like) and subsequently, in some
embodiments, stored in the virtual content database 410. The
virtual representation module 404 may also receive output
from applications and/or programmers creating the virtual
representation.

[0112] In step 504, the placement of the display is deter-
mined. The relative placement may determine possible view-
points and the extent to which the virtual representation may
be generated in step 506. In other embodiments, the place-
ment of the display is not determined and more of the non-
virtual environment may be generated as the virtual represen-
tation and reproduced as needed.

[0113] In step 508, the virtual representation module 404
may generate or create the virtual representation of the non-
virtual environment based on the information received and/or
stored in the virtual content database 410. In some embodi-
ments, programmers and/or applications may generate the
virtual representation. The virtual representation may be in
two or three dimensions and display the virtual representation
in a manner consistent with the non-virtual environment. The
virtual representation may be stored in the virtual content
database 410.

[0114] In step 510, the virtual content module 406 may
generate virtual content. In various embodiments, program-
mers and/or application determine the function, depiction,
and/or interaction of virtual content. The virtual content may
then be generated and stored in the virtual content database
410.

[0115] In step 512, the display may be placed in the non-
virtual environment. The display may be coupled to or may
comprise the digital device 102. In some embodiments, the
display comprises all or some of the modules and/or data-
bases of the digital device 102.



US 2012/0200600 A1

[0116] FIG. 6 is a flowchart of a method for displaying the
virtual representation and virtual content in some embodi-
ments. In step 602 the display displays the virtual represen-
tation in a spatial relationship with the non-virtual environ-
ment. In some embodiments, the display and/or digital device
102 determines the likely position of a user and generates the
virtual representation based on the viewpoint of the user’s
likely position. The virtual representation may closely
approximate the non-virtual environment (e.g., as a three-
dimensional, realistic representation). In other embodiments,
the virtual representation may appear to be two dimensional
orapart ofanillustration or animation. Those skilled in the art
will appreciate that the virtual representation may appear in
many different ways.

[0117] In step 604, the display may display virtual content
within the virtual representation. For example, the virtual
content may show text, images, objects, animals, or any
depiction within the virtual representation as discussed
herein.

[0118] In step 606, the viewpoint of a user may be deter-
mined. In one example, a user is detected. The proximity and
viewpoint of the user may be also be determined by cameras,
sensors, or other tracking technology. In some embodiments,
an area in front of the display may be marked for the user to
stand in order to limit the effect of proximity and the variance
of viewpoints of the user.

[0119] In step 608, the virtual representation may be spa-
tially aligned with the non-virtual environment based on an
approximation or actual viewpoint of the user. In some
embodiments, when the display re-aligns the virtual repre-
sentation and/or virtual content, the display may gradually
change the spatial alignment of the virtual representation
and/or the virtual content to avoid jarring motions that may
disrupt the experience for the user. As a result, the display of
the virtual representation and/or the virtual content may
slowly “flow” until the correct alignment is made.

[0120] In step 610, the virtual representation module 404
and/or the virtual content module 406 may receive an input
from the user to interact with the display. The input may be in
the form of an audio input, a gesture, a touch on the display,
a multi-touch on the display, a button, joystick, mouse, key-
board, or any other input. In various embodiments, the virtual
content module 406 may be configured to respond to the
user’s input as discussed herein.

[0121] Instep 612, the virtual content module 406 changes
the virtual content based on the user’s interaction. For
example, the virtual content module 406 may display menu
options that allow for the user to execute additional function-
ality, provide information, or to manipulate the virtual con-
tent.

[0122] FIG. 7 is a flowchart of a method for using multiple
sensors and user proximity to display the virtual representa-
tion and virtual content in some embodiments. The method
begins at step 702, where the method may generate a virtual
representation (e.g., the virtual duplicate of environment 308)
of a non-virtual environment (e.g., actual environment 304).
As described herein, the non-virtual environment is the actual
environment in which a display may be placed. According to
some embodiments, this may involve a virtual representation
module 404 generating or creating the virtual representation
of the non-virtual environment based on the information
received and/or stored in a virtual content database 410, or a
programmer and/or application generating the virtual repre-
sentation. As described herein, the virtual representation may
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be in two or three dimensions and display the virtual repre-
sentation in a manner consistent with the non-virtual environ-
ment. Once generated, the virtual representation may be
stored in a virtual content database 410.

[0123] Next, in step 704, the display may show the virtual
representation in a spatial relationship with the non-virtual
environment. The virtual representation may be shown using,
for example, the display interface module 402. The display
may also show virtual content in the virtual representation.
Assuming that a user’s position or viewpoint have yet to be
determined, in some embodiments, the display and/or digital
device 102 determines the likely position of a user and gen-
erates the virtual representation based on the viewpoint of the
user’s likely position.

[0124] Subsequently, in step 706, the position of a user may
be determined when the user is within a first proximity to the
display. For example, in an embodiment using a sensor to
detect the position of the user relative to the display, the user
position module 412 may determine the user’s position only
when the user is within range of the sensor or only when the
user is within a predefined distance from the display (e.g., ten
feet). In some embodiments, the first proximity may be
defined by a tracking zone monitored by the sensor, and the
tracking zone is an area surrounding the display that is defined
relative to the display. For instance, the first proximity may be
defined by a tracking zone that forms a circular region around
the display (e.g., zones 906, 908, and 910).

[0125] The tracking zones may be defined based on the
sensor’s range, the sensor’s data quality or reliability for given
ranges, and/or based on the availability of one or more other
sensors to cover the same area (e.g., where another sensor is
non-operational, the first sensor may take over monitoring its
tracking zone). Also, as described herein, the tracking zone
may be adjusted/redefined (with respect to its position rela-
tive to the display or dimensions) based on the time or date
where the display is located, where the display is repositioned
or reoriented, or based on a user’s rate of approach toward the
display. The sensor may comprise a variety of sensors, includ-
ing cameras, position sensors, proximity sensors, and motion
sensors.

[0126] In some embodiments, the display may show the
virtual representation in a spatial relationship with the non-
virtual environment based on the viewpoint of the user within
the first proximity of the display.

[0127] In step 708, the viewpoint of the user may be deter-
mined when the user is within a second proximity to the
display. For example, where an embodiments using the sensor
to detect the viewpoint of the user relative to the display, the
viewpoint module 408 may determine the user’s viewpoint
when the user is within range of the sensor and/or when the
user is within a specified distance from the display (e.g., 5 ft).
In some embodiments, the second proximity may be defined
by a tracking zone monitored by the sensor, and the tracking
zone is an area surrounding the display that is defined relative
to the display. For instance, the first proximity may be defined
by a tracking zone that forms a circular region around the
display (e.g., zones 906, 908, and 910). As described herein,
the tracking zone may be defined based on the sensor’s range,
the sensor’s data quality or reliability for given ranges, or on
the availability of other sensors to cover the same area.

[0128] It should be noted that depending on the embodi-
ment, the first proximity may be greater than, less than, or
equal to the second proximity. Additionally, in varying
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embodiments, the one or more tracking zones may be mutu-
ally exclusive, partially overlapping, or completely overlap-
ping with each other.

[0129] In step 710, the display may show the virtual repre-
sentation such that the virtual representation is in a spatial
relationship with the non-virtual environment in which the
display is placed. The spatial relationship may be based on the
user’s position and the user’s viewpoint, as determined in
steps 706 and 708. Where the virtual representation is being
shown on the display (e.g., due to step 704), step 710 may
re-align the virtual representation (and any virtual content
being shown on the virtual content) such that the virtual
representation (and its virtual content) is in a spatial relation-
ship with the non-virtual environment in which the display is
placed. In some embodiments, the display may shift or alter
the depiction of the virtual representation gradually to avoid
jarring motions that may disrupt the experience for the user.
As aresult, the display of the virtual representation and/or the
virtual content may slowly “tlow” until the correct alignment
is made.

[0130] Following the display of virtual representation, the
method may perform a number of additional steps. In step
712, the virtual content may be shown in the virtual represen-
tation. For instance, the virtual content may show text,
images, objects, animals, or any depiction within the virtual
representation as discussed herein.

[0131] Instep 714, the virtual representation module 404 or
the virtual content module 406 may receive an input from the
user to interact with the display. In response, the virtual rep-
resentation module or the virtual content module may adjust
the virtual representation and the virtual content. As
described herein, the input may be in the form of an audio
input, a gesture (e.g., tracking of hand, arm, or leg position to
determine motion), a touch on the display, a multi-touch on
the display, a button, joystick, mouse, keyboard, or any other
input. In various embodiments, the virtual content module
406 may be configured to respond to the user’s input as
discussed herein.

[0132] In step 716, the user’s rate of approach toward the
display may be determined. For instance, in some embodi-
ments, the user position module 412 may be utilized to track
a user’s position over time in order to determine at which
direction the user is approaching the display and at what rate.
As described herein, the user’s rate of approach can subse-
quently be used to determine the rate of adjustment and
refresh for the virtual representation being shown on the
display, or used to determine what virtual content should be
shown in the virtual representation.

[0133] Instep 718, the position or orientation of the display
with respect to the non-virtual environment may be deter-
mined. For example, the display position module 414 may be
used to determine the display’s position relative to the non-
virtual environment, and the display orientation module 416
may be used to determine the display’s orientation relative to
the non-virtual environment. As described herein, such dis-
play position or orientation information can be used to adjust
the spatial relationship between the virtual representation,
virtual content, and non-virtual environment. For example, if
the display is repositioned within the non-virtual environ-
ment, or the display is reoriented such that the back of the
display pointed else where in the non-virtual environment,
such changes could be detected and spatially realign can be
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performed so that a user continues to perceive a virtual dupli-
cate of the non-virtual environment behind the display on the
display.

[0134] In step 720, the user interaction, display position,
user position, user viewpoint, user rate of approach, or some
combination thereof, may cause the display to change the
virtual representation or virtual content it is currently display-
ing. The virtual representation module 404 may facilitate
changes to the virtual representation and the virtual content
module 406 may facilitate changes to the virtual content.
Based onuser interaction, display position, user position, user
viewpoint, or user rate of approach, the display may, for
example, change what virtual content is shown in the virtual
representation (e.g., change the text or image shown as virtual
content), or adjust the spatial relationship of the virtual rep-
resentation or the virtual content with respect to the non-
virtual environment. For instance, the display may align or
realign the virtual representation with the non-virtual envi-
ronment based on the viewpoint or the proximity relative to
the display. For example, a user standing a distance of ten feet
or more from the display may perceive less detail of the
non-virtual environment and, as such, a virtual object in the
virtual representation may be depicted as smaller, in different
light, and/or in more detail (e.g., increased detail of the feath-
ers of the bird) than if the user was standing closer (e.g., 2
feet) from the display.

[0135] Those skilled in the art will appreciate that there
may be any number of sensors configured to detect one or
more users in any number of tracking zones relative to the
display. Further, each sensor may comprise multiple sensors.
Each sensor may use any kind of technology to detect the user
and determine distance, including, but not limited to, radio
waves, acoustic waves, radar, and/or camera. In some
embodiments, cameras may allow the virtual representation
to interact with the user (e.g., display virtual content as being
worn by the user) and/or determine the user’s position relative
to the display and/or the tracking zones.

[0136] FIG. 8 is a flowchart of a method for using multiple
sensors and user proximity to display the virtual representa-
tion and virtual content in some embodiments. The flowchart
of FIG. 8 illustrates a method of using different blends of
sensors to various monitor areas around a display based on
user proximity to the display. To better describe FIG. 8, we
first turn to FIGS. 9A-C, which illustrate an exemplary non-
transparent display in accordance with an embodiment.
[0137] FIGS. 9A-C are diagrams of an exemplary non-
transparent display in some embodiments. FIGS. 9A-C illus-
trate different views for the same exemplary non-transparent
display. In FIGS. 9A-C, a display 900 is shown in accordance
with an embodiment. As shown, the display comprises a
screen 904 and sensors 902, the sensors comprising a first
sensor 902a and a second sensor 9025. Also shown is a user
912 approaching the display along an approach path 920.

[0138] The sensors 902 may be configured to monitor areas
surrounding the display 900 (i.e., zones or tracking zones)
and track users as they enter and remain in those areas. For
example, sensors 902 may detect when the user 912 is in zone
one 906, when the user 912 is zone two 908, and when the user
912 is zone three 910. Additionally, the sensors 902 may
detect transitions, when the user 912 initially enters zone one
906 at transition 914, when the user 912 transitions from zone
one 906 to zone two 908 at transition 916, and when the user
912 transitions from zone two 908 to zone three 910 at tran-
sition 918. For some embodiments, the transitions areas 914,
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916, and 918 may be utilized to determine the user 912 rate of
approach or to determine when tracking of the user 912
should be taken over or augmented by another sensor (e.g., as
the user 912 transitions from zone two to zone three at tran-
sition 918, both sensors 902a and 9025 may begin tracking
the user 912). As described herein, depending on the sensors
902 used, tracking of the user 912 may involve face tracking,
position tracking, motion tracking, or the like.

[0139] Insome embodiments, each (tracking) zone may be
monitored by a different set of sensors from the sensors 902.
For example, as illustrated in FIG. 9B, the sensor 902a may be
configured to track 922 the position of the user 912 relative to
the display 900 when the user 912 is in zone one 906, to track
924 the position of the user 912 when the user 912 is in zone
two 908, and to track 926 the position of the user’s arms and
legs when the user 912 is in zone two 908. As also illustrated,
when the user 912 is within zone three 918, the sensor 902a
and the sensor 9025 may be configured to track 928 the user’s
head position. As described herein, the sensors 902 may
engage and begin tracking aspects of the user 912 (e.g., gen-
eral position, head position, or viewpoint) based on which
transition areas (i.e., transition arcas 914, 916, and 918) the
user 912 enters and when the user 912 crosses those transi-
tions areas.

[0140] The sensors 802 may comprise a variety of sensors,
including cameras, position sensors, proximity sensors,
motion sensors, light sensors, radar, and laser range detectors.
For example, the sensor 902a may comprise laser range
detector capable of detecting the position of the user 912 or
the position of the user’s arms, legs, or head relative to the
display, while the sensor 9025 may comprise a face tracking
camera capable of tracking the viewpoint of the user 912
relative to the screen 904 and detecting the position of the user
912 relative to the display 900.

[0141] It should be noted that although FIGS. 9A-C depict
a display comprising two sensors and three tracking zones,
those skilled in the art will appreciate that some embodiments
may comprise more or less sensors and more or less tracking
zones than shown.

[0142] Turning now to FIG. 8, the method begins at step
802, where a user 912 may be detected within a first proximity
to the display 900, such that the user 912 is detected within
zone one 906. As noted herein, the first proximity may be
defined by a tracking zone 914 monitored by one or more
sensors 9024, and the detection of the user 912 entering the
zone 906 may be facilitated by the sensor(s). For example, as
the user 912 crosses through transition area 914 into zone one
906, the first sensor 902a detects the user 912 within the first
proximity and engages itself in order to provide the approxi-
mate position of the user 912. Those skilled in the art will
appreciate that a proximity zone may be characterized as a
tracking zone.

[0143] In various embodiments, the virtual representation
of the display 900 may change to the viewpoint of the user
912. In some embodiments, if the viewpoint of the user 912
may be approximated if the user 912 is too far from the
display but within a zone, the virtual representation may be
based on a general viewpoint. For example, the viewpoint
may be based on a position in the middle of zone one 906 in
the general direction of the detected user 912.

[0144] In step 804, the display 900 may determine the
position of the user 912 relative to the display using the first
sensor 902a while the user 912 is within the first proximity
zone. For instance, if the first proximity zone is set at fifteen
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feet, when the user 912 is within fifteen feet of the display
900, the first sensor 902a may detect 922 the position of the
user 912 with respect to the display 900. In various embodi-
ments, the virtual representation of the display 900 may
change to the viewpoint at the position of the user 912.
[0145] In step 806, the user 912 may be detected within a
second proximity zone to the display 900, such that the user
912 is detected within zone two 908. As noted herein, the
second proximity zone may be defined by a tracking zone 916
monitored by one or more given sensors 902a, and the detec-
tion of the user 912 entering the zone may be facilitated by the
given sensors. For example, as the user 912 crosses into zone
two 908 over transition area 916, the first sensor 9024 detects
the user 912 within the second proximity and remains active
in order to provide the further position information regarding
the user 912.

[0146] Subsequently, in step 808, while the user 912 is
within the second proximity, the display 900 may determine
the position of the user’s body relative to the display using the
first sensor 902a, and determine the position of elements of
the user’s body (e.g., arms, legs, etc.) relative to the display
using the first sensor 902a. For instance, if the second prox-
imity zone is set at ten feet, when the user 912 is within ten
feet of the display 900, the first sensor 902a may detect 924
the position of the user’s body with respect to the display 900
and detect 926 the position of the user’s limbs with respect to
the display 900.

[0147] In various embodiments, the display 900 may con-
tinue to update the virtual representation at the user’s chang-
ing viewpoint. Further, the display 900 may allow the user
912 to interact with the virtual representation or content
within the display 900 (e.g., a depiction of'a person may move
their hands in a manner similar to movement of the user 912).
[0148] Although FIGS. 9A-C depict multiple sensors (i.e.,
sensors 902a and 9025), those skilled in the art will appreciate
that there may be any number of sensors. For example, a
single sensor may be used to determine the distance of the
user 912, the position of the user 912 relative to tracking
zones, positions of extremities (e.g., arms or legs) and head,
and/or rate of approach.

[0149] Atstep 810, the display may interpolate between the
data regarding the position of the user’s body relative to the
display 900 and the data regarding the position of elements of
the user’s body (e.g., arms, legs, etc.) relative to the display
900 using the first sensor 902a. The resulting interpolated
data may provide the display 900 with more accurate and
reliable position information regarding the user 912.

[0150] In step 812, the user 912 may be detected within a
third proximity zone to the display 900, such that the user 912
is detected within zone three 910. As noted herein, the third
proximity zone may be defined by a tracking zone 910 as the
user 912 passes transition area 918 monitored by one or more
given sensor 902a and 9025, and the detection of the user 912
entering the zone may be facilitated by the given sensors. For
example, as the user 912 crosses into zone three 910, the first
sensor 902a and the second sensor 9026 may detect the user
912 within the third proximity, the first sensor 902¢ may
remain active in order to provide the further position infor-
mation regarding the user 912, and the second sensor 9025
may engage itself to provide viewpoint information.

[0151] After, in step 816, while the user 912 is within the
third proximity, the display 900 may determine the head
position of the user’s body relative to the display using the
first sensor 9024, and determine the head position of the
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user’s body relative to the display using the second sensor
902b. For instance, if the third proximity is set at five feet,
when the user 912 is within five feet of the display 900, each
of'the first sensor 902a and the second sensor 9025 may detect
928 the head position of the user’s body with respect to the
display 900.

[0152] Atstep 818, the display may interpolate between the
data from the first sensor 902a regarding the head position of
the user’s body relative to the display 900, and the data from
the second sensor 90256 regarding the head position of the
user’s body relative to the display 900. The resulting interpo-
lated data may provide the display 900 with more accurate
and reliable position information regarding the user’s head
and/or viewpoint.

[0153] In step 820, when a failure is detected in the second
sensor (e.g., signal lost with the second sensor, invalid data
being provided by the second sensor), the display may recon-
figure itself to use the head position data from the first sensor
in determining the user’s head position. For example, where
the second sensor 9025 provides more accurate position data
regarding a user’s head than the first sensor 902a, when the
second sensor stop providing head position data to the dis-
play, the display may reconfigure itself to rely on the less
accurate data from the first sensor 902a when determining the
user’s head position.

[0154] It should be noted and understood that for some
embodiments, the level of detailed data a sensor can detect
and obtain regarding a user 912 may be dependent on the
distance between the sensor and the user 912. For example, a
position sensor in an embodiment may only detect an
approximate position of a user 912 when they user 912 is
fifteen feet away from the display, but may detect position
information regarding a user’s arms, legs, and head, when the
user 912 is seven feet away from the display.

[0155] Invarious embodiments, one or more of the tracking
zones dynamically change over time. For example, the dis-
play 900 and/or the sensors may be configured to alter the size
and/or shape of one or more tracking zones, add more track-
ing zones, and/or decrease the number of tracking zones
based on any number of factors. For example, the display 900
may be configured to shrink the number and/or size of track-
ing zones when expected foot traffic is to increase. In one
example, the display 900 is at a mall and the display 900 is
configured to shrink the size of tracking zones at 5:00 PM as
crowds increase. Similarly, when the crowds decrease, the
display 900 may be configured to increase the size of the
tracking zones. In some embodiments, the display 900 and/or
the sensors 902 are preconfigured. In various embodiments,
the sensors may detect crowds and/or increased foot traffic; as
a result, the sensors may dynamically decrease the size of the
zones or decrease the number of zones if the size of the crowd
increases and/or places strain on the system. Those skilled in
the art will appreciate that the display 900 and/or the sensors
902 may be configured to dynamically increase or decrease
the zones based on foot traffic volume, foot traffic proximity
to the display 900, time of day, and the type of media cam-
paign (e.g., advertisement of new Iron Man® movie which
may preferably interact with one user at a time).

[0156] Various embodiments discussed herein may also
include priority zones. Priority zones may be defined around
the display 912 to help prioritize interactions with one or
more people. In some embodiments, the priority zones are
equal in number, size, and shape to the tracking zones. In
various embodiments, there may be any number of priority
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zones regardless of the number of tracking zones. Similarly,
priority Zone may be any size or shape regardless of the size
and shape of the tracking zones.

[0157] Inone example, a first priority zone may be defined
as within the first tracking zone 906 and close to the transition
area 914. A group of users passing through the first tracking
zone 906 but not through the transition area 914 may view a
virtual representation within the display at a general view-
point set approximately at the middle of the first tracking
zone. If a user crosses the proximity zone, the display 900
may give that user the highest priority (e.g., by altering or
shifting the viewpoint to the user’s position and rate of
approach). Further, a user that passes through a proximity
zone may interact with the virtual representation and/or vir-
tual contact of the display 912.

[0158] Those skilled in the art will appreciate that multiple
users may be given different priority based on the users posi-
tions relative to one or more priority zZones. As a result, the
virtual representation and/or virtual content may be viewable
and remain interactive with any number of users based on the
positions relatives to the one or more priority zones. In one
example, a subset of the users of a group of users may interact
with the virtual representation (e.g., the subset appears in the
virtual representation to be a group of cowboys in a western
theme). Further, the display 912 and/or sensor 902 may aver-
age the position of the viewpoint based on the average posi-
tions of the subset of users for generating the virtual repre-
sentation and/or virtual content.

[0159] The users’ different proximity to different priority
zones may also affect prioritization. Those closer to the dis-
play may be within the closest priority zone and, as a result,
the display 912 may alter the virtual representation and/or
virtual content based on those with the highest priority (e.g.,
those within the closest priority zone) over those that are
further away.

[0160] In various embodiments, there may be one or more
defined hotspots relative to the display 912. A hotspot is a
position or zone relative to the display 912 that may trigger
changes to the virtual representation and/or virtual content.
For example, when a user enters or passes a hotspot, the
display 912 may display information and/or an advertisement
(e.g., the display 912 displays an advertisement in a represen-
tation of the user’s surroundings). One or more hotspots may
be positioned relative to or in the same position as the priority
zones and/or the proximity zones. The size and shape of any
number of hotspots may be similar to the size and shape of a
priority zone and/or a proximity zone. Alternately, one or
more hotspots may be independent of the position, size, or
shape of priority zones and/or proximity zones.

[0161] FIG. 10 depicts a window effect on a non-transpar-
ent display 1000 in some embodiments. In some embodi-
ments, the display may be mobile, hand-held, portable, move-
able, rotating, and/or head-mounted. In the case of non-
dynamic, fixed location displays, the 3D position and 3D
orientation of the display with respect to a physical and cor-
responding virtual registration point may be manually cali-
brated upon initial set-up of the display. In the case of
dynamic, moving displays, the 3D position and 3D orienta-
tion may be captured utilizing a tracking technology. The
position and orientation of the facial tracking cameras may be
extrapolated once the values for the display have been estab-
lished.

[0162] FIG. 10 comprises a non-transparent display 1002
between an actual environment 1006 (i.e., the user’s non-
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virtual environment) and the user 1004. The user 1004 may
view the display 1002 and perceive an aligned virtual dupli-
cate of the actual environment 1008 (i.e., a virtual represen-
tation of the user’s non-virtual environment) behind the dis-
play 1002. The virtual duplicate of the actual environment
1008 is aligned with the actual environment 1006 such that
the user 1004 may perceive the display 1002 as being partially
or completely transparent.

[0163] In some embodiments, the position and/or orienta-
tion of the portable display 1002 may be determined by hard-
ware within the display 1002 (e.g., GPS, compass, acceler-
ometer and/or gyroscope) and/or transmitters. In one
example, tracking transmitter/receivers 1012¢ and 10125
may be positioned in the actual environment 1006. The track-
ing transmitter/receivers 1012a and 10126 may determine the
position and orientation of the display 1002 using the tracking
marker 1012. Those skilled in the art will appreciate that the
orientation and/or position of the display 1002 may be deter-
mined with or without the tracking marker 1012. With the
information, the display 1002 may make corrections to the
alignment of'the virtual duplicate of the environment 1008 so
that a spatial relationship is maintained. Similarly, changes to
virtual content may be made for consistency. In some
embodiments, the display 1002 determines the viewpoint of
the user based on signals received from the tracking transmit-
ter/receivers 1012a and 101256 and/or face tracking camera(s)
1010 and 10105.

[0164] FIG. 11 depicts a window effect on layered non-
transparent displays 1100 in some embodiments. Any num-
ber of displays may interact together to bring a new experi-
ence to the user 1102. FIG. 11 depicts two displays including
a non-transparent foreground display 1104¢ and a non-trans-
parent background display 11045. The user 1102 may be
positioned in front of the foreground display 1104a. The
foreground display 1104a may display a virtual representa-
tion that depicts both the non-virtual environment between
the two displays as well as the virtual representation and/or
virtual content of the background display 1104a. The back-
ground display 1104a may display only virtual content, dis-
play a virtual representation of the non-virtual environment
behind the background display 11044, or acombination of the
virtual representation and the virtual content.

[0165] Insomeembodiments, apartofthe non-virtual envi-
ronment may be between the two displays as well as behind
the background display 1104a. For example, if an automobile
is between the two displays, the user may perceive a virtual
representation of the automobile in the foreground display
1110 but not in the background display 110454. For example,
if the user 1102 was to look around the foreground display
1110, they may perceive the automobile in the non-virtual
environment in front of the background display 11045 but not
in the virtual representation of the background display 11045.
In some embodiments, the background display 11045 dis-
plays a scene or location. For example, if an automobile is
between the two displays, the foreground display 1104a may
display a virtual representation and virtual content to depict
the automobile as driving while the background display
11044 may depict a background scene, such as a racetrack,
coastline, mountains, or meadows.

[0166] In some embodiments, the background display
11045 is larger than the foreground display 1104a. The con-
tent of the background display 110456 may be spatially
aligned with the content of the foreground display 11044 so
that the user may perceive the larger background display
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11045 around and/or above the smaller foreground display
11044 for a more immersive experience.

[0167] In some embodiments, virtual content may be
depicted on one display but not the other. For example, in-
between content 1110, such as a bird, may be depicted in the
foreground display 1104a but may not appear on the back-
ground display 11045. In some embodiments, virtual content
may be depicted on both displays. For example, aligned vir-
tual content 1108, such as a lamp on a table, may be displayed
on both the background display 11045 and the foreground
display 1104a. As a result, the user may perceive the aligned
virtual content 1108 behind both displays.

[0168] In various embodiments, the viewpoint 1106 of the
user 1102 is determined. The determined viewpoint 1106
may be used by both displays to alter spatial alignment to be
consistent with each other and the user’s viewpoint 1106.
Since the user’s viewpoint 1106 is different for both displays,
the effect of the viewpoint may be determined on the virtual
representation and/or the virtual content on both displays.

[0169] Those skilled in the art will appreciate that both
displays may share one or more digital devices 400 (e.g., one
or more digital devices 202 may generate, control, and/or
coordinate the virtual representation and/or the virtual con-
tent on both displays). In some embodiments, one or both
displays may be in communication with one or more separate
digital devices 400.

[0170] FIG. 12 is a block diagram of an exemplary digital
device 1200. The digital device 1200 comprises a processor
1202, a memory system 1204, a storage system 1206, a com-
munication network interface 1208, an 1/O interface 1210,
and a display interface 1212 communicatively coupled to a
bus 1214. The processor 1202 is configured to execute execut-
able instructions (e.g., programs). In some embodiments, the
processor 1202 comprises circuitry or any processor capable
of processing the executable instructions.

[0171] The memory system 1204 is any memory config-
ured to store data. Some examples of the memory system
1204 are storage devices, such as RAM or ROM. The memory
system 1204 can comprise the ram cache. In various embodi-
ments, data is stored within the memory system 1204. The
data within the memory system 1204 may be cleared or ulti-
mately transferred to the storage system 1206.

[0172] The storage system 1206 is any storage configured
to retrieve and store data. Some examples of the storage
system 1206 are flash drives, hard drives, optical drives, and/
or magnetic tape. In some embodiments, the digital device
1200 includes a memory system 1204 in the form of RAM
and a storage system 1206 in the form of flash data. Both the
memory system 1204 and the storage system 1206 comprise
computer readable media which may store instructions or
programs that are executable by a computer processor includ-
ing the processor 1202.

[0173] The communication network interface (com. net-
work interface) 1208 can be coupled to a network (e.g., com-
munication network 114) via the link 1216. The communica-
tion network interface 1208 may support communication
over an Ethernet connection, a serial connection, a parallel
connection, or an ATA connection, for example. The commu-
nication network interface 1208 may also support wireless
communication (e.g., 802.11a/b/g/n, WiMax). It will be
apparent to those skilled in the art that the communication
network interface 1208 can support many wired and wireless
standards.



US 2012/0200600 A1

[0174] The optional input/output (I/O) interface 1210 is
any device that receives input from the user and output data.
The optional display interface 1212 is any device that is
configured to output graphics and data to a display. In one
example, the display interface 1212 is a graphics adapter.

[0175] It will be appreciated by those skilled in the art that
the hardware elements of the digital device 1200 are not
limited to those depicted in FIG. 12. A digital device 1200
may comprise more or less hardware elements than those
depicted. Further, hardware elements may share functionality
and still be within various embodiments described herein. In
one example, encoding and/or decoding may be performed by
the processor 1202 and/or a co-processor located on a GPU
(i.e., Nvidia®).

[0176] FIG. 13 depicts a window effect on a non-transpar-
ent display 1300 in some embodiments. In some embodi-
ments, the display 1300 may be mobile, hand-held, portable,
moveable, rotating, and/or head-mounted. The position and
orientation of the facial tracking cameras may be extrapolated
once the values for the display have been established.

[0177] FIG. 13 comprises a non-transparent display 1302
between an actual environment 1306 (i.e., the user’s non-
virtual environment) and the user 1304. The user 1304 may
view the display 1302 and perceive an aligned virtual dupli-
cate of the actual environment 1308 (i.e., a virtual represen-
tation of the user’s non-virtual environment) behind the dis-
play 1302. The virtual duplicate of the actual environment
1308 is aligned with the actual environment 1306 such that
the user 1304 may perceive the display 1302 as being partially
or completely transparent. FIG. 13 also comprises an over-
head sensor 1314.

[0178] In various embodiments, the overhead sensor 1314
identifies the head of the user 1306 and/or the head region of
interest based on the position of the user’s head. In one
example, the overhead sensor 1304 assists in determining the
head region of interest from the top of the user’s head to a
point that is downwards a distance that is similar to %4 the
average length of a user’s head. The overhead sensor 1314
may also define an arms region of interest as a region begin-
ning with the bottom of the head region of interest to a
distance that is the average length of a user’s arms.

[0179] In some embodiments, one or more face tracking
camera 1312a-b may perform face and/or arm tracking uti-
lizing the head region of interest and the arms region of
interest. In some embodiments, the overhead sensor 1314
determines a position of the user 1306 to the non-transpira-
tion display 1302. As a result, in some embodiments, the face
tracking cameras 1312a-b may not determine the position of
the user or define a head region of interest or an arms region
of interest. The face tracking cameras 1312a-b may focus on
dynamically determining the position (e.g., three-dimen-
sional coordinates relative to the display 1302) of the user’s
head and determining movement in those areas of interest and
providing the information to the non-transparent display
1302 such that the virtual duplicate of the environment 1308
may react.

[0180] FIGS. 14A and 14B depict a head region of interest
1406 and an arms region of interest 1410 of a user 1408 in
some embodiments. FIG. 14A depicts a display 1402, an
overhead sensor 1404 configured to scan a z-depth sensor
visibility zone 1412. The overhead sensor 1404 may assist in
determining a head region of interest 1406 of the user 1408
and an arms region of interest 1410.
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[0181] In various embodiments, the overhead sensor 1404
is positioned above and in front of the display 1402 such that
the overhead sensor 1404 may be above a user 1408. The
overhead sensor 1404 may scan the z-depth sensor visibility
zone 1412. In some embodiments, there may be multiple
sensors. For example, one sensor (e.g., a sensor coupled to the
display 1402) may detect movement in front of the display
1402. The overhead sensor 1404 may be activated and/or
beginning scanning the z-depth sensor visibility zone 1412
for auser. Information from the overhead sensor 1404 may be
provided to the display 1402 and/or a digital device couple to
the display 1402).

[0182] The overhead sensor 1404 may detect the user 1408.
In some embodiments, the overhead sensor 1404 and/or the
depth sensor module may determine the position of the user,
movement of the user, rate of approach, and the like.

[0183] The overhead sensor 1404 may also assist in deter-
mining the head region of interest 1406. For example, the
overhead sensor 1404 may determine the closest point from
the sensor. The closest point from the sensor may be assumed
to be the top of the head ofthe user. In some embodiments, the
overhead sensor 1404 and/or the head position module
attempts to verify that the object with a point that is closest to
the sensor is the user’s head. For example, the overhead
sensor 1404 and/or the head position module may determine
the height of the closest point from the sensor over the ground.
If the height is insufficient to be the head of the user, the
overhead sensor 1404 may continue scanning the area to
identify another object. In some embodiments, the overhead
sensor 1404 and/or the head position module applies infor-
mation from one or more other sensors to confirm the general
position of the user’s head (e.g., blob recognition, face rec-
ognition or shape recognition).

[0184] There are many different ways an object’s proximity
to the overhead sensor 1404 may be determined and/or mea-
sured. In various embodiments, the depth module 418 may
extrapolate information from the overhead sensor 1404 to
determine distance or an absolute distance an object is from
the sensor 1404 (i.e., a z-depth). In some nonlimiting
examples, the depth module 418 extrapolates the information
from the overhead sensor 1404 using time of flight, stereo
camera pairs, or structured light. Those skilled in the art will
appreciate that the overhead sensor 1404 may acquire suffi-
cient frame rates to support dynamic depth values.

[0185] Ifahead ofauser has been identified, the overhead
sensor and/or the head position module may define the head
region of interest 1406 as extending from the point closest to
the sensor downward a distance equivalent to the average
length of a user’s head. In some embodiments, the overhead
sensor 1404, the head position module, and/or one or more
other sensors may detect a user’s head and then detect the
user’s shoulders and/or chest. The head region of interest
1406 may be defined as the space between the point closest to
the sensor 1408 and the position of the user’s shoulders and/or
chest. Those skilled in the art will appreciate that the head
region of interest 1406 may be determined in any number of
ways.

[0186] Further, the overhead sensor 1404 may also assist in
determining the arms region of interest 1406. For example,
the overhead sensor 1404 and/or the body position module
may determine the arms region of interest from the bottom of
the head region of interest 1406 extending downward a dis-
tance equivalent to the average length or a portion of an
average length of the user’s arms. In some embodiments,
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other sensors (e.g., coupled to the display 1402) may assist in
determining the length of the arms of the user or the position
of the arms of the user.

[0187] FIG. 14B depict the arms region of interest from
above the user as well as a dynamic calculated head position
1416 in some embodiments. In various embodiments, once
the arms region of interest 1410 is defined, the overhead
sensor 1404 and/or one or more other sensors may scan the
arms region of interest to determine the position, orientation,
rate of motion, and direction of a user’s arms and/or hands
(e.g., via blob recognition and then further scanning to iden-
tify a position, such as a three dimensional position, of a
user’s arms and/or hands relative to the display). As a result of
segmenting the space in front of the display 1402, sensors
may be focused on the regions of interest rather than scanning
all of the area in front of the display 1402 for arm motion. The
arms region of interest 1410 may be fixed in size and be a
fixed location relative to a dynamic head position 1416.

[0188] In various embodiments, the user may be deter-
mined to be a child or adult. Further, the adult may be deter-
mined to be tall or short. Height and age may effect the
determination of the size of the arms region of interest.

[0189] The head position 1416 may be dynamically calcu-
lated. For example, one the head region of interest 1406 is
defined, that space may be scanned (e.g., by sensors within
the display 1402 and/or the overhead camera 1404) to detect
an object in the area. The object may be recognized as the
user’s head (e.g., via face, shape, or blob recognition) and
then further assessed to determine position, viewpoint, and, in
some embodiments, expression. The position of the head of a
user and/or the head region of interest may be updated to track
the user’s head, viewpoint, expression, and the like. The posi-
tion of the head of the user may be used to determine the head
region of interest and, from there, the arms region of interest.
In some embodiments, if the head position changes, the head
and arms regions of interest may be re-determined and/or
re-calculated.

[0190] In some embodiments, the floor in front of the dis-
play 1402 may comprise an optional light diffusing material
1414 to enhance the resolution, scanning, position of the user
1408, position of the head region of interest 1406, and/or the
positions of the arms region of interest 1410. The optional
light diffusing material 1414 may be of any color or material
configured to diffuse light in the area of the user and/or the
area in front of the display 1402. In some embodiments, the
light diffusing material 1414 may span all or part of the
z-depth sensor visibility zone 1412.

[0191] FIGS. 15A and 15B depict an area in front of a
display 1500 comprising three sensors 1502, 1516, and 1518
and three tracking zones 1506, 1508, and 1510 in some
embodiments. Those skilled in the art will appreciate that
some embodiments may comprise more or less sensors and
more or less tracking zones than shown. In FIG. 154, the
system comprises a display 1500, first and second sensors
1502, a virtual representation 1504, proximity zone one 1506,
proximity zone two 1508, proximity zone three 1510, a user
1512, auser’s path 1514, and two overhead sensors 1516 and
1518.

[0192] The overhead sensors 1516 and 1518 may be
coupled within a ceiling, lighting fixture, or any overhead
structure. In some examples, the overhead sensors 1516 and
1518 may be embedded within or dangle from any overhead
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structure. An overhead structure is any structure that allows
one or more sensors to be above a region in front of the display
1500.

[0193] In various embodiments, the overhead sensor 1518
and/or a depth module associated with the display 1500
detects the presence of a user in proximity zone one 1506. The
overhead sensor 1518 and/or the depth module may identify
the position and rate of motion of the user. In some embodi-
ments, the overhead sensor 1518 and/or the depth module
provide the position information to the display 1500 which
may depict a virtual representation 1504 based on a viewpoint
of'the user 1512 within the proximity zone one 1506. In some
embodiments, the overhead sensor 1518 and/or the depth
module may determine a head region of interest of the user
1512 and the virtual representation 1504 depicted by the
display 1500 may be based on a viewpoint of the user 1512
from the head region of interest. As the sensor 1518 and/or the
depth module tracks the user 1512 along path 1514, the vir-
tual representation of the viewpoint of the user may also
change.

[0194] The overhead sensors 1518 and/or 1516 may also
detect the user 1512 as the user transitions into proximity
zone 1508. The overhead sensors 1516 and/or 1518 may also
assist in determining the position and relative rate of approach
of the user 1516. In various embodiments, the overhead sen-
sor 1516 and/or the head position module may determine the
head region of interest such that the position of the user’s head
may be determined and the virtual representation may be
altered based on the position of the user’s head, the user’s
viewpoint, and/or the user’s motion. Further, the overhead
sensor 1516 and/or the body position module may determine
the arms region of interest such that the virtual representation
may be altered based on the position of the user’s arms, the
user’s arm movement, and/or the user’s motion.

[0195] Those skilled in the art will appreciate that, in some
embodiments, the overhead sensor 1518 may detect a posi-
tion of a user and the overhead sensor 1516 may assist in the
determination of the different zones of interest. Further, the
operations of the overhead sensors 1516 and/or 1518 may
also take into account input from the sensors 1502.

[0196] In FIG. 154, the system comprises a display 1500,
first and second sensors 1502a-b, a virtual representation
1504, overhead sensor 1518 zone one viewpoint 1520, zone
two viewpoint 1522, and zone three viewpoint 1524.

[0197] In various embodiments, the overhead sensor 1518
and/or a depth module associated with the display 1500
detects the presence of a user in proximity zone one, two, or
three. The overhead sensor 1518 and/or the head position
module may determine the head region of interest for the user
1512 in any zone. Further, the overhead sensor 1518 and/or
the body position module may determine the arms region of
interest for the user 1512 in any zone. In various embodi-
ments, the overhead sensor 1518 provides information related
to scanning to the digital device 1500. The information from
the overhead sensor 1518 may be combined or be in addition
to information from the sensors 1502 A and/or B. The infor-
mation from the sensors and/or the head position of interest
may be used to determine a position of the user’s head and/or
aviewpoint 1524 of a user in the third zone, a viewpoint 1522
of'auser in the second zone, and/or a viewpoint 1512 of auser
in the first zone. The virtual representation may be altered
and/or adjusted such that the virtual representation appears
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from the viewpoint of the user in one or more of the zones
thereby, in some embodiments, adding to the immersive
experience.

[0198] FIG.16is aflowchart of a method for determining a
position of a user’s head and arms in some embodiments. In
some embodiments, an overhead sensor, such as a camera,
detects a user within a visibility zone. The visibility zone is
any zone that may be scanned by the overhead camera. In
some embodiments, the overhead sensor sends information to
a display and scans images and/or other information to deter-
mine a user within the zone.

[0199] In step 1604, the display and/or overhead camera
detect a point in an image from the overhead sensor that is
closest in distance to the overhead sensor. In some embodi-
ments, the relative size of the object may be used to judge
proximity of the point to the distance to the overhead sensor.
In some embodiments, sensors in the display work with the
overhead sensor to confirm that an object is closest in distance
to the overhead sensor.

[0200] Instep 1606, the head position module establishes a
head region of interest based on the point in the image that is
closest in distance to the overhead sensor and adding a mea-
surement that is just larger than half of an average height of a
human head. In some embodiments, other sensors detect the
shoulders, chest, or arms of the user and the bottom of the
head region of interest is defined based in part on the position
of the shoulders, chest, or arms of the user.

[0201] Instep 1608, the head position module may perform
any recognition or detection (e.g., blob detection) within the
head region of interest to dynamically calculate and predict a
position of the user’s head. The recognition or detection may
be performed, for example, on an image or information from
one or more sensors.

[0202] In step 1610, the head position module may calcu-
late the position (e.g., a 2d or 3d position) of the user’s head
relative to a position of the display and/or the display surface.
The viewpoint of the user may also be determined. In some
embodiments, the virtual representation may depict an image
that is relative to the user’s head (e.g., a helmet or cockpit)
such that the user may interact with the virtual representation.
[0203] In step 1612, the arms position module may estab-
lish an arms region of interest, based on input from the over-
head sensor and/or one or more other sensors, by adding a
measurement just larger than half of the average arm length to
a position of the head region of interest. Those skilled in the
art will appreciate that any distance may be added to the
position of the head region of interest to define the arms
region of interest.

[0204] In step 1614, the arms position module may use
recognition and/or detection (e.g., blob detect) using an arms
region of interest to calculate and predict a position of the
user’s aims and/or hands. Once the general and predicted
positions of the aims and/or hands are determined, the arms
position module may calculate the position, orientation, and
direction of the arms and hands of the user relative to the
display surface.

[0205] The above-described functions and components can
be comprised of instructions that are stored on a storage
medium such as a computer readable medium. The instruc-
tions can be retrieved and executed by a processor. Some
examples of instructions are software, program code, and
firmware. Some examples of storage medium are memory
devices, tape, disks, integrated circuits, and servers. The
instructions are operational when executed by the processor

Aug. 9,2012

to direct the processor to operate in accord with embodiments
of the present invention. Those skilled in the art are familiar
with instructions, processor(s), and storage medium.

[0206] The present invention is described above with ref-
erence to exemplary embodiments. It will be apparent to
those skilled in the art that various modifications may be
made and other embodiments can be used without departing
from the broader scope of the present invention. Therefore,
these and other variations upon the exemplary embodiments
are intended to be covered by the present invention.

1. A method comprising:

generating a virtual representation of a non-virtual envi-

ronment;

determining a position of auser relative to the display using

an overhead sensor when the user is within a predeter-
mined proximity to a display;

determining a position of a user’s head relative to the dis-

play using the overhead sensor; and

displaying the virtual representation on the display in a

spatial relationship with the non-virtual environment
based on the position of the user’s head relative to the
display.

2. The method of claim 1, wherein determining the position
of the user’s head relative to the display using an overhead
sensor comprises detecting the user and determining a
z-depth between the overhead camera and a position closest
to the overhead sensor.

3. The method of claim 2, further comprising adding V2 of
the length of an average user’s head to the position closest to
the overhead sensor to define a head region of interest.

4. The method of claim 3, further comprising determining
a position of the user head within the head region of interest.

5. The method of claim 4, adjusting the virtual representa-
tion to display an image over a position in the virtual repre-
sentation that correlates with a position of the user’s head
using the head region of interest.

6. The method of claim 1, further comprising detecting the
user and determining a z-depth between the overhead camera
and the user’s arms.

7. The method of claim 6, further comprising adding a
length of an average user’s aims to the bottom of the z-depth
between the overhead camera and the user’s arms to define an
arms region of interest.

8. The method of claim 7, further comprising determining
a position of a user’s arms and hands in the arms region of
interest.

9. The method of claim 8, further comprising adjusting the
virtual representation to display an image over a position in
the virtual representation that correlates with a position of the
user’s arms using the arms region of interest.

10. The method of claim 1, wherein the overhead sensor is
a camera.

11. The method of claim 1, wherein determining the posi-
tion of the user’s head comprises interpolating between data
from the overhead sensor relating to a position of the user’s
head and data from the first sensor relating to the position of
the user’s head.

12. A system comprising:

a display configured to display a virtual representation of a

non-virtual environment;

an overhead sensor that scans an area in front of the display;

one or more display sensors coupled to the display; and

a processor configured to determine a position of a user

relative to the display using the overhead sensor when
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the user is within a predetermined proximity to a display,
determining a position of a user’s head relative to the
display using the overhead sensor, and displaying the
virtual representation on the display in a spatial relation-
ship with the non-virtual environment based on the posi-
tion of the user’s head relative to the display.

13. The system of claim 12, wherein the processor config-
ured to determine the position of the user’s head relative to the
display using the overhead sensor comprises the processor
configured to detect the user and determining a z-depth
between the overhead camera and a position closest to the
overhead sensor.

14. The system of claim 13, wherein the processor is fur-
ther configured to add V2 of the length of an average user’s
head to the position closest to the overhead sensor to define a
head region of interest.

15. The system of claim 14, wherein the processor is fur-
ther configured to further comprising determining a position
of the user head within the head region of interest.

16. The system of claim 15, wherein the processor is fur-
ther configured to adjust the virtual representation to display
an image over a position in the virtual representation that
correlates with a position of the user’s head using the head
region of interest.

17. The system of claim 12, wherein the processor is fur-
ther configured to detect the user and determining a z-depth
between the overhead camera and the user’s arms.

18. The system of claim 17, further comprising adding a
length of an average user’s arms to the bottom of the z-depth
between the overhead camera and the user’s arms to define an
arms region of interest.
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19. The system of claim 18, wherein the processor is fur-
ther configured to determine a position of a user’s arms and
hands in the arms region of interest.

20. The system of claim 19, wherein the processor is fur-
ther configured to adjust the virtual representation to display
an image over a position in the virtual representation that
correlates with a position of the user’s arms using the arms
region of interest.

21. The system of claim 12, wherein the overhead sensor is
a camera.

22. The system of claim 12, wherein the processor config-
ured to determine the position of the user’s head comprises
the processor configured to interpolate between data from the
overhead sensor relating to a position of the user’s head and
data from the first sensor relating to the position of the user’s
head.

23. A computer readable medium configured to store
executable instructions, the instructions being executable by
a processor to perform a method, the method comprising:

generating a virtual representation of a non-virtual envi-

ronment;

determining a position of auser relative to the display using

an overhead sensor when the user is within a predeter-
mined proximity to a display;

determining a position of a user’s head relative to the dis-

play using the overhead sensor; and

displaying the virtual representation on the display in a

spatial relationship with the non-virtual environment
based on the position of the user’s head relative to the
display.



